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CLINICAL AND EXPERIMENTAL 


A NONSTATISTICAL EVALUATION OF ARTIFICIAL 
PNEUMOTHORA X® 


Paunt H. Ringer, A.B., M.D., FLALCLP., Asievittre, N.C. 


I THE past twenty-five vears artificial pneumothorax has grown from being 
a method of collapsing an extensively diseased tuberculous lung in a definitely 
unilateral case, to a procedure advocated by some in minimal eases of tubereu- 


losis; a procedure used diagnostically in cases of suspected lung tumor; a pro- 


cedure used therapeutically in lobar pneumonia; a procedure advocated in 
massive atelectasis; a procedure often employed bilaterally ; a procedure utilized 
in eases that almost from the start beeame ambulatory; a procedure of con- 
stantly increasing importance, and one which has a definite bearing on public 
health; a procedure deemed so necessary that in many states rural practitioners 
are given instructions in refills at the state sanatorium, and they return to their 
homes supposedly qualified to continue injections upon their patients discharged 
from the institution. It is well to pause for a few minutes to evaluate this 
method; the ‘‘aneient of days’? among the means employed in collapse therapy. 
It is a far ery from James Carson of Liverpool who, in 1821, first advocated 
meumothorax, to our present-day handling of the matter with pneumothorax 
‘linies, attempts at collapse of all cases, ete. Unquestionably, successful artificial 
neumothorax is the simplest and most effective method for closing cavities, 
ontrolling toxemia, and improving the ultimate prognosis. Cutler’ has shown 
iat the patient with moderately advanced tuberculosis treated with pneumo- 
iorax has a chance for recovery six times as great as the patient treated 
ithout pneumothorax. Ilruby? has emphasized the importance of pneumo- 
iorax from a public health standpoint in the diminution of the source of 
fection by converting open cases into closed ones, and in the shortening of 


*Read before the meeting of the American Clinical and Climatological 
iltimore, Md., October 11, 1937. 
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sanatorium residence, thus speeding sanatorium turnover—a very necessary 
factor in health economics. 

An evaluation of this important procedure should be made upon the 
premises of indications, management, complications, and termination. 

[ certainly would not dwell upon the run-of-mine indications for pneumo- 
thorax, other than to say that primarily it is induced to close cavities and 
to render sputum negative. It seems to me, however, that not infrequently a 
mistake is made in paying too much attention to extent of pathology and not 
enough to type otf pathology ; in other words, the benign exudative and the 
caseous pneumonic types. Ulmar* notes that the benign exudative type under- 
goes spontaneous resolution, while the caseous pneumonie type, as the name 
implies, caseates and later cavitates. After the cavity has developed, it is time 
to collapse, for obviously no influence can be exerted upon a solid lung, as it is 
axiomatie that the only lung that can be collapsed is an air-containing lung, 
which the pneumonie lung is not. On the other hand, Eglee and Jones* warn 
against the diagnosis of the benign form of exudative type of tuberculosis, be 
lieving that there is no reliable diagnostic criterion and that all forms of pul- 
monary phthisis are malignant until they prove themselves to be otherwise. They 
also believe that the acute pneumonie type should be collapsed, feeling that there 
is much to gain from an immediate pneumothorax and all may be lost by delay. 
Hence here are two diametrically opposed views on the question. 

There are seen nowadays more patients with acute bronchopneumonie on 
set than in the past. Why this is true, I do not know, unless, perhaps, that with 
a total population immunity increasing, those not effectively protected react 
more violently to the infection. [| feel that it is advisable to try to use collapse 
therapy on these patients at once, though one is tempted to wait because ot! 
the acuteness of the toxemia, but some think that it may be better to wait 
awhile, if possible, until cavitation begins, despite the fact that while waiting 
one must necessarily run the risk of a bronchiogenic spread. The time when 
collapse should be started in this type of tuberculosis involves nicety of judg 
ment based upon experience, and in every case it should be induced very slowly. 

Collapse of minimal lesions and ambulatory pneumothorax strike me as 
being ‘‘second best’? methods. Pneumothorax is fraught with certain dangers 
known to all of us. Why subject the truly minimal patient to them unless the 
pathologie process shows a tendency to spread, in which case the patient no 
longer belongs to the minimal class? I am fully aware of the arguments o! 
O’Brien, of Detroit, in favor of minimal collapse, but I cannot agree with them 
He states: ‘‘ While it is recognized that patients with tuberculosis go throug! 
various phases, there is none in which collapse therapy is not indicated excep! 
in the terminal stage where it is too late.’’ 

The minimal patients are those that should and will recover under be: 
rest alone. J. A. Myers® recommends it on the following grounds: 1. Clinic: 
results are equal to those obtained with other methods. 2. The patient is no! 
immediately condemned to prolonged and costly inactivity. 3. Both the con 


munity and the patient save money. Cole and Harper® reach practically t! 
same conelusion. I submit, however, that both authorities are working 
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clinics in large cities, serving a native population predominantly of the lower 
classes and that, therefore, from the economic standpoint, some compromise 
measure must be reached. Instead of physical plus physiologic rest, which 
unquestionably is the best, physiologic rest alone must be relied upon. This 
situation is not present among patients able to seek a health resort for their 
cure. It has ever been advocated that pneumothorax is essentially an adjunct 
and an adjuvant to general physical rest. When both are not to be obtained, 
certainly the physiologic rest given by pneumothorax is the one to select. 
Wilhelm Neumann’ states that the best results are obtained if pneumo- 
thorax is combined with the use of tuberculin, and that in most cases healing 
of cavity takes place in from one and one-half to two years, while with pneumo- 
thorax alone it may not be complete after from three to four years. This is 
mentioned simply to preface the statement that while Neumann is recognized 
as a great authority, his experience can in no way be assented to in this country. 
Pneumothorax in lobar pneumonia has its proponents and opponents. Moor- 
man, of Oklahoma City, is in favor of its use. Crowell, of Lincolnton, North 
Carolina, has used it on a dozen patients with gratifying results. Behrend*® and 
his associates used it on 40 patients and found that pain and cyanosis were 
relieved and that dyspnea usually disappeared. They also found that the average 
duration of temperature after pneumothorax was three and one-half days, in 
contrast to seven days when pneumothorax was not used. Hines and Bennett,’ 
who treated 12 patients, 4 of whom died (mortality 3344 per cent), stress the 
relief of pain and dyspnea. Bullowa,"’ in an extended evaluation of the proce- 
dure, is little in favor of it, and wisely comments that pneumothorax has no 
effect upon the immunity mechanism and does not prevent or cure bacteriemia. 
He feels that its use should never take precedence over the other modern methods 
of dealing with pneumonia, and therein I heartily concur. My own experience 
has been limited to two patients, in whom definite diminution of pain and 


dyspnea were noted, but no change in the course of the disease could be ascribed 


to pneumothorax. 

I must, of necessity, deal very briefly with management and, therefore, am 
forced to take refuge in ‘‘impressions,’’ which the late Dr. Lawrason Brown 
once said ‘‘no longer have any place in scientific medicine.’’ Nonetheless, I 
am convineed, after twenty-six years of experience with pneumothorax, that 
each case is thoroughly individual. Fifteen and more years ago the routine 
of refills in my practice was fairly well standardized. Today variations in 
time between injections, as well as the amount of air given, are practically 
‘oequal with the number of patients under treatment. I do not know the 
eason, but I feel that it rests upon one of two factors: either the present day 
iberculous patient is exhibiting a different type of reaction to his infection 
which I suspect), or else, with added experience, better judgment is being 
xercised in the administration of pneumothorax. 

Bilateral partial pneumothorax, unthought of or deemed impossible in 
ie early days, has become relatively common (as has its child, bilateral partial 
ioracoplasty). I know of no pulmonary therapeutic procedure necessitating 

ore sapient judgment than the adoption of this method. In wise hands 
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wonderful results are obtainable, but it is a procedure that should be restricted 
to the specialist in the treatment of pulmonary tuberculosis. As foster father 
to bilateral pneumothorax, may be cited the patients with bilateral cavitation ; 
then must be determined the primary point of attack, whether to the right or 
to the left, which places considerable responsibility upon the physician. While 
we often employ bilateral pneumothorax when, after a successful collapse of 
one lung, an acute flare-up takes place in the contralateral lung, bilateral 
cavitation at the outset is no contraindication to the use of the procedure. As 
a matter of fact, as pointed out by Pruvost, Leblane, and Petrand,"! eontra- 
lateral cavities are often benefited at first when the mediastinum is mobile 
purely on a mechanical basis. One questions, however, whether these cavities 
would ever close with sole reliance on contralateral pressure mechanism. 

The question has arisen whether pneumothorax should be induced after 
the aspiration of fluid resulting from a pleurisy with effusion. I think that the 
decision reached should depend upon the pathology in the underlying lung 
and, therefore, should depend upon whether the effusion was idiopathic or a 
complication of previously known pulmonary disease. If the former, I feel 
that the lung should be allowed to re-expand under careful roentgenologic 
observation, until the type of pathology becomes manifest, when the indication 
for pneumothorax will be clear; if the latter, it depends wholly upon the pre- 
existing pulmonary pathology. 

In any general evaluation of pneumothorax, we must consider the possible 
complications. I will pass over the hair-raising, dramatic occurrence of air 
embolism and pleural shock. They are rare and are not forgotten by one who 
has seen them, but their possibility by no means constitutes a contraindication 
to the use of the method. Spontaneous pneumothorax superimposed upon an 
existing artificial pneumothorax is one of the chances which every patient 
must run. Mobile mediastinum, wherein the further collapse of a partially 
collapsed lung results only in a shift en masse of the lung and mediastinum to- 
ward the sound side with consequent squeezing of the contralateral lung, is 
mentioned only to be included. 

The real complication is fluid in all its ramifications from the benign serous 
exudate of an ounce or so, discoverable only fluoroscopically, to the massive 
tuberculous empyema, terminated successfully only by thoracoplasty, or un- 
suecessfully by the development of toxemia, a pleurobronchial fistula, and 
eventually by death. 

Inasmuch as from 50 to 70 per cent of pneumothorax patients develop 
fluid, it becomes a serious consideration, for, once it has appeared, no one can tell 
what course it will pursue. The cause of fluid has as yet to be definitel) 
determined and explained. It has been believed by some to be due to the usé 
of high pressure in pneumothorax, but this hypothesis is made negative by fluid 
occurring in countless eases in which high pressures have never been employed 
Ulmar thinks that it is due ‘‘to the stimulation of the pleura by some antigenic 
material.’’ He feels that in pneumothorax on a person who has had a previous 
infection with the tubercle bacillus, all tissues are sensitive to tuberculous anti 
gen and the pleural membrane, like the peritoneal membrane, is characterize 
by its ability to pour forth large amounts of fluid when stimulated or irritated 
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Serous fluid per se does no harm. Infected fluid, harboring tubercle bacilli, 
is a serious matter. Its origin unquestionably is endogenous, though pathways 
of mobilization are open to discussion. Tuberculous empyemas ean and do clear 
up spontaneously. In the past five years I know of two cases in my own practice 
that have done so, though I am eonvineed that this was due more to good luck 
than to good management. Nonetheless, the appearance of tubercle bacilli in the 
fluid of the pleural cavity must be viewed with great concern. This concern 
naturally must be heightened if systemically and bacteriologically evidence of 
mixed infection is demonstrable. 

How long should a suecessful pneumothorax be maintained? Opinions 
differ. The thesis has been put forth that a year or eighteen months is ample. 
Some advocate three, some five, years; others, more conservative still, believe in 
continuing pneumothorax as long as possible, basing their contention on the 
theory that eventually all pneumothoraces will be self-obliterating. It seems to 
me that the period of maintenance should be predicated upon the pathologic 
picture existing at the time the pneumothorax was instituted. If extensive with 
large cavity formation, certainly a period of five years is not too long; if rela- 
tively slight, with a small cavity or no demonstrable cavity but merely positive 
sputum, from two and one-half to three years should be sufficient. In patients 
with many adhesions, but in whom a partial collapse has given excellent clinical 
results, indefinite continuation is indicated. It must be remembered that while 
the zones of infiltration distant from, as well as adjacent to, the cavity may 
well heal in a year or so, it takes a far longer time for the coaptated walls 


of the cavity to become permanently adherent; and furthermore, that there 
is no test that we can apply as a result of which we can be certain that when 


pressure is released and the resultant vis a tergo comes into play, they will not 
separate and ‘‘the last state will be worse than the first.’’ 

As pointed out by Dundee,'? age and occupation have their places in the 
program of re-expansion. The younger the patient, the more time should be 
viven to collapse, for relapse is more frequent in the younger age groups. 
Also, if the patient, when again taking his place in the world, is obliged to do 
hard, manual labor, collapse should be continued over a longer period of time. 

This question of duration of collapse is a vexatious one from the stand- 
point of both the physician and the patient; from that of the former, who feels 
that the final proof of a successful pneumothorax is shown in the deliberate 
allowanee of the lung to re-expand; and from that of the latter who, usually 
iaving feared the initial injection with mortal terror, now feels that if his 
lung is permitted to re-inflate, he is thereby cutting the last cable that binds 

im to the shore of health. The reactions of these patients to the beginning 
nd end of their treatment show that pneumothorax also entails a psychologic 
ictor which eannot be disregarded. I have had far more heated arguments 
ith patients about discontinuing pneumothorax than about initiating it. To 
e patient, re-expansion of the lung signifies a restitutio ad integrum and 
rgetfulness of all that went before. To the pathologist, it means calcification, 
‘rosis, thickening, contraction, deformity and, perchance, healing. To the 
iysician, it imposes increasing watchfulness lest that which was believed to be 
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whole shall presently crack and, instead of becoming a monument to his prowess 
and judgment, will instead develop into an apologia for his human weakness and 
consequent mistakes. 


SUMMARY AND CONCLUSIONS 


[ have attempted very briefly to give an evaluation of artificial pneumo- 
thorax. From this report the following conclusions can be made: 

Pneumothorax is unquestionably worth while. 

Complications resulting from pneumothorax may be serious, sometimes 
fatal, but only in such a small percentage of cases that their occurrence should 
not interfere with advising its induction. 

Ambulatory pneumothorax as a substitute for the best method of treat- 
ment is desirable. 

There is no definite rule to follow in giving pneumothorax. 

Those who have employed pneumothorax would never voluntarily revert 

the precollapse period. 
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HEMATOLOGIC INDICES IN NORMAL AND ANEMIC PATIENTS* 
A TRIAXIAL GRAPHIC Meruop 
Katrsust Karo, Pu.D., M.D., Cuicago, Int. 


HE triaxial correlation chart recently devised by the writer! offers an 

accurate and convenient method of classifying various types of anemia with 
reference to their index characteristics. The construction of this chart is 
based on the logarithmic interrelationship existing between the three major 
hematologic indices of diagnostic importance, namely, the color, volume, and 
saturation indices, respectively. As expressed in index numbers the hemato- 
logic attributes of any given sample of blood can be precisely determined by 
the coordinate position occupied by that particular blood on the chart. A 
biaxial chart of Haden* expresses the same fundamental interrelationship 
between the color and volume indices and, for practical purposes, is quite 
adequate; but the triaxial coordination possesses distinct advantage over the 


biaxial in that when the other two indices are known, the saturation index is 


automatically registered on the triaxial chart without further calculation. 


This chart is again quite different from the logarithmic calculation chart of 
Osgood* in that the latter is intended only as a device for the calculation of 
index numbers. 

The object of this paper is to demonstrate the practical application of the 
triaxial chart as an aid in the diagnosis and treatment of various types of 
anemia. For this purpose hematologic data from both normal and anemic 
infants and children have been utilized, together with a certain amount of 
data in diseases which occur exclusively in adult subjects. The bulk of the 
data presented is from personal observations, although some has been taken 
from the literature or supplied to the writer in personal communications by 
other observers. 

Of the methods employed in the present series of study # may be men- 
oned that in the determination of packed cell volume a specially devised 
mbination microhemopipette (Kato*t) has been used throughout. This pipette 
iakes use of 0.05 ¢.c. of oxalated blood, the double oxalate mixture of Heller 
nd Paul® having been used in the proportion of 1:500; thus 0.05 ¢.c. of blood 
sed contains 0.1 mg. of double oxalate mixture in dry form. All values have 
en recorded in percentage figures by direct reading of the packed cell vol- 
me on etched graduation markings. No attempt has been made to calculate 
e percentage of correction factors, since all determinations were made under 


*From the Department of Pediatrics, University of Chicago. 
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identical conditions. The red blood cell count was made by the usual hemo- 
cytometer method, and the hemoglobin values estimated by the acid hematin 


method of Newcomer. 
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Fig. 2. 


The data may be elassified according to the following groups, which are 
presented on triaxial charts as illustrated: 

(1) Normal blood of growing infants (2 cases) was observed once a week 
beginning at the age of three weeks and extending to six months (Fig. 14 
and B). For the sake of simplicity only a selected number of observations are 
actually reproduced. In one of these infants (Baby Myles) the hematologic 
indices during the first eleven weeks of postnatal life lay outside the range o! 
normal variations, while all subsequent observations were confined within the 
normal area. In the second baby (Baby Ned) the positions of the indices 
moved practically within and around the normal zone. 

(2) Nutritional anemia in infants is, according to its index position 
microcytic, hypochromic, and hypoplenic in nature. The two representative 
eases are recorded, each showing the movement of its index position unde! 
iron therapy toward the center (Fig. 2A and B). 

(3) Anemia accompanying infections may be either microcytie or macro 
eytic, but is usually hypochromie and hypoplenic. In a case of severe rheu 
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matic heart disease in a 10-year-old female child macrocytosis was constant 
throughout the period of observation, while in an 11-month-old infant suffer- 
ing from cervical adenitis, the anemia was definitely microcytic, hypochromie, 
and hypoplenic, signifying this to be a case of superimposition of nutritional 
anemia (Fig. 3A and B). In the latter instance treatment with ferrous sulfate 
produced a definitely beneficial effect not only in the index positions of the 


blood but also in general clinical conditions. 
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Fig. 4. 


(4) Hemolytic icterus, according to the data given by Erickson and his 
-o-workers,® has rather heterogenous index pictures, the majority tending 
toward hypochromia and microcytosis (Fig. 44). In one case of mild hemo- 
vtie jaundice in a 10-year-old male child the index characteristics revealed 
nieroeytosis and, for the most part, hypochromia, but with rather constant 
yperplenia. In other words, anemia developing in congenital hemolytic icterus 
s microcytic, hypochromic, and hyperplenic, rather than microcytic and hyper- 
hromic, as it is usually described. This means that in hemolytic icterus the 
endeney is toward oversaturation of red blood cells with hemoglobin, although 
‘he eolor index remains constantly below normal (Fig. 4B). 
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(5) In those cases in which index numbers are obtainable (Erickson and 
associates,® Bradford and Dye‘) erythroblastic anemia is characterized by 
microcytosis and hypochromia of red blood cells (Fig. 54). Morphologically, 
however, a number of instances of this anemia are reported to be macrocytie. 

(6) Sickle-cell anemia (Erickson and associates®) involves practically 
every type of anemia, as demonstrated by the rather universal distribution of 


index numbers (Fig. 5B). 
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Fig. 6. 
(7) Anemia associated with liver diseases tends to be typified by maecro- 
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cytosis and hyperchromia. In one case of juvenile cirrhosis of the liver in a 
14-year-old female child, the initial index position was that of pronounced 
macrocytosis, hyperchromia, and hyperplenia (Fig. 64), while in a series of 
observations of liver cirrhosis in a 6-month-old infant, the index positions fell 
consistently in the zone of macrocytosis, hypochromia, and hypoplenia 
(Fig. 6B). 

(8) Anemia occurring in uncinariasis, of which 2 cases in young children 
have recently been studied by Buckman,’ is macrocytiec and hyperchromic 
(Fig. 7A). It is interesting to note that under treatment with liver extract in 
combination with an anthelmintic, one of these patients showed a decided 
improvement in hematologic values but developed a pronounced hyperplenia 
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(9) In a case of aplastic anemia accompanied by profuse hemorrhage fol- 
lowing dental extractions the patient exhibited definite macrocytosis and hy- 
perchromia, in spite of extreme oligocythemia (below 500,000), hypohemo- 
globinemia (1.7 gm. per cent), and low cell volume (5 per cent). With re- 
peated blood transfusions all hematologic values rapidly inereased, but the 
index numbers moved toward the zone of microcytosis and hypochromia 
(Fig. 7B). 

(10) In the majority of cases of pernicious anemia, according to the data 
published by Williams and his co-workers,” the initial index positions are pro- 
nouncedly macrocytie and hyperchromic, and under liver treatment move 


toward the normal area (Fig. 8A). 
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Fig. 8. 


(11) The anemia of sprue and celiae affections, according to the data sup- 
lied by McBryde’ from the cases published by Hanes and McBryde,!! varies 
‘reatly as to index positions. The 17 cases of this group of diseases are pre- 
lominantly macrocytie and hyperchromie as well as hyperplenic; microcytosis 
nd hypochromia here occurs only in approximately 25 per cent of the cases 
Fig. 8B). In fact, according to the observations of Thaysen,'* the anemia in 
prue may be either simple hypochromie or hyperchromic, or the picture may 
ven fluctuate back and forth between these two types, depending upon the 


eriod of remissions or relapse. 














THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 











COMMENT 


The hematologic data, as presented on the triaxial index chart, are self- 
explanatory and are offered primarily to illustrate the concrete manner in 
which such data can best be recorded. Too frequently the diagnosis of 
anemia is based solely on a decrease in red blood cell count and hemoglobin 
value, very little attempt being made in clinical practice to determine the 
precise nature of the anemia. Use of the triaxial chart makes possible an ac- 
curate diagnosis of anemia according to the graphic classification proposed. 
Quantitative aspects of anemia, however, need always to be correlated with 
qualitative and morphologic changes of the blood cells, as demonstrated by 
well-prepared smears. When properly correlated, classification of anemias 
by the triaxial graphic method is a distinct contribution to exact hematologic 
diagnosis. 

For convenience in recording the triaxial hematologic data either a special 
hospital record sheet with the index chart printed thereon, or a suitable sized 
rubber stamp of the chart, might be employed and included in the patient’s 
history. A consistent use of this method for hematologic diagnosis requires 
complete routine erythrocyte examination, consisting of cell count and accu- 
rate hemoglobin estimation, together with packed cell determination. 


SUMMARY AND CONCLUSIONS 


An attempt has been made to emphasize the importance of making accurate 
diagnosis of anemias on the basis of both quantitative and qualitative charac- 
teristics of the blood. For this purpose the triaxial index chart, as devised 
by the author, is offered as a means of enabling clinicians and laboratory 
workers to make precise classification of anemias. 

The conerete manner in which the triaxial index chart is used for this 
purpose has been illustrated by the nature of index positions in various types 
of anemias. 

Accuracy in the classification of anemias is essential in instituting the 
specific therapy indicated for each type, and the course of recovery from 
anemia can be clearly recorded on the chart here advocated. 

The triaxial correlation chart for hematologic indices is reeommended for 
general and routine use in clinical and laboratory work. 
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TOTAL, DIFFERENTIAL, AND ABSOLUTE LEUCOCYTE COUNTS AND 
SEDIMENTATION RATES OF HEALTHY ADOLESCENTS 
FIFTEEN TO EIGHTEEN YEARS OF AGE* 

Epwin E. Oscoop, M.D., Russet L. Baker, M.D., Inez E. BRowNLEE, B.A., 
Masie W. Oscoop, B.A., Dorotuy M. Ex.is, B.A., AND 
WituiamM CoHEeNn, M.D., PorTLAND, ORE. 


T IS the purpose of this article to supply more accurate data than have hereto- 
fore been available for total, differential, and absolute leucocyte counts, and 
for sedimentation rates in healthy persons fifteen to eighteen years of age. It is 
one of a series of papers on hematologic standards for healthy persons from 
birth through adult life. The data for other age groups will be reported else- 
where.! 

Search of the literature failed to reveal a single study by modern methods 
of the total, differential, and absolute leucocyte counts of healthy persons in the 
age group under consideration; nor were studies found of sedimentation rates 
by the method here used and recommended. 

Subjects—aAll the persons studied lived in or near Portland, Ore., at an 
elevation of less than 500 feet. All were white and native-born, in most instances 
they were children of native-born parents. They were from the publie high 
schools of the city of Portland. Adolescents fifteen to eighteen years of age 
were grouped together because the seatter diagrams" of these values showed no 
significant differences for the two sexes and no marked variation with age in 
this group. Children under eight years of age’® have higher leucocyte counts ; 
children eight to fourteen years of age’ have similar leucocyte counts, but 
different differential counts; and adults '* have lower leucocyte counts and a 
different differential formula. 

METHODS 


Since the methods used have already been described in detail,? they will be 
commented on only briefly here. Venous blood mixed with 2 mg. of dry potas- 
sium oxalate per cubie centimeter was used for all determinations and is recom- 
mended for use beeause it is more convenient and accurate than use of blood 





*From the Department of Medicine, University of Oregon Medical School, Portland, Ore. 
Received for publication, October 17, 1938. 





MM AOULS TOR 
UBSNOU UT, 


o0'U0 ( OG 00'U Oovv OU'U 


6L°0 i “Gl XUAN 

‘ , “AY 
STI) 
80) ‘8 sAog 
s]uy pun ‘shiog pak ; , 


Fa 


020 ‘ : *¢ { v0 


00°) Oo'v 


oc’0 
LUO 


ree 


MEDICINE 


00°O 
000 


‘AL 


Ou'O 
90 
LU'0 
ou'0 
FLO 
La0 
90°O 
90°0 
00'O 
60°0 
8)4U) 
00'O 
ce | ‘ 60 
re") ‘ . 


GG | 
GU 
60°0 60°0 
OFU , 000 00°O 
; LV0 ; 00°0 
80°O 
LOO 
evO 
COU 00°O 

coo 

shog 


" NIN CT "NNO “* , WIND . WIN “WK “WWD “"WI'O 
. VC “NIN € 
NI cf = ddd Wadd udd uUdd dd Ydd Wadd udd 


SALAI09O1 SA.LAD0SO'1 SALAVOdSVH4Y SALAOOIOT «SALAD 
SALAJONON SALAVOHAWAT a 


NOLLVLNAWIGAS | GALVYDALNISIA . aH dOSvVa a IMHdAONISON aUHdOUL AUHdAOWLAAN “OONF'T 


SLNAISHIOGY G1Q-YVAR-NAILALT NI 4LVY NOLLVINANIGAS GNV SINOQOD ALADOD Iv] ALNIOSAY ANv ° IVILNAYAAATG “IVLOL 


[ dav], 





‘spuesnoy} Uf, 
L0°V 00°0 00°0 1 
Gt'l | | LO Oc’0 
6£°0 ? 7 | COO L°0 ETO 


| €0°O V0 OL’O 
| 90°0 80 LTO 


uy pun shog 





00°0 4 00°0 
Il'0 |} CFO 6o'0 
coo Ovo 
LO i; to 
000 00°O 
60°0 6 60°0 
00°O ; 60°O OOO 
60°0 60°0 


RATES 


Se Oe Se 


8S0°O 

80°0 

00°0 

L0°0 

90°0 ea 
90°O 


SEDIMENTATION 


ti-~Ii- WD 


HID His RS ot Ot 


AND 


vp 
Z 


Col 


OVO 
LUO 
900 


SLO 
O00 


LEUCOCYTE 


000 
FLO 
00°0 


AL. : 


900 000 
00°O i; OO 
Ovo F : cyo 
shiog 


“WIN'O . WIND , WIND , WW . WIN'O 


"NIN C “NIW y y y J 
- of wad Wadd Wadd ddd Wadd Wadd 


ALVU STA a , SALAJ SALAVOEO'L SaALAVOGdEV HY 
. ? SALAVONOK SALAVOH ANAT : , ween exe 
NOLLVLNANIGAS CALVUDALNISIA ATWHdOSVa ATMIHdONISOU aM 


SLNAOSAIOGY GIOQ-NYVAA-NAALXISQ NI ALVY NOLLVINANICAN GNV SN 


Il aiavy 








SspueBsnoy} Us 


60°0 { ou'0 0 OU'U £3 


C20 G OF O 920 : Fo 
LOO 80 OL'0 al’0 FOF 
coo cy ra a) coo SOC 


_| 60° Ol 160 OU OCF 
spy pup shog 


00'U Oou'v0 000 St 
FLO Lav £a°0 #9 
coo elo ; coo ROC 
FLO La0 00'0 
00° ouv0 £32°0 
00°O IO [lO 
Ovo Ovo 00°O 
60°U0 | SLO 60°0 

92°0 4 * | Ooo | 60°O 60°0 

LVO ; LVO ; OOO 

LFO0 : : 000 00°O 

020 


MEDICINE 


CLINICAL 


AND 


Evo 

evo 

000 

OF UO 

1a0 

OF'O Ilo 

STO SLO 

LVO 97°0 

0 00°0 
LVO 

R00 : 80°O 

80°0 800 

S00 

00°O 

cuv'v 


a) 
ie 
& 
< 
= 
4 
= 
4 
<a) 
< 


OF 


JOURNAL 


THE 


shog 


a HKD | WWD | WIND KW . RKO ’ KINO 
‘NIN CH ‘“NIW CT ' / | Ya 
Wad aad add | wad Wad Wad wad 


ALVu STIa) é : SALA00801 SALAVOMOT SaLAQOaVH4 SALADONOT 
; : er SALAOONON SHLAQOHAWAT | ; a cad ; , oe all len 
NOLLVLNANIGAS | GaLVYDALNISIC alHdOsva a'1IHdONIS a UHdOULAAN WUHdOWLAAN 


SINSOSHIOUY W1Q-AVAA-NAILNIAAG NI ALVY NOLLVINAWIAS ANV SLNOOD ALAVOINAY] ALAIOSAY ANV “IVILNANAAATC ‘IVLOL 


Itt @14av 





‘SspuBesnoyy Ul, 
00'U 0 00°0 0 00°U 00°0 eT OF 
60 8 | STO G 6L°0 | 2&0 ; OSL 
080 tS | ¢0°0 90 0C0 | 400 _F0'F G'8t 96°8 
90°0 66°F Ge 88° 
80°0 | 62°¢ Ser | +98 





909 





90°0 80 ? £0°O C0 | LUO 


cy lt ; : | 900 Lo Za'0 





spluy pup shog 


RATES 


000 0 


eres 


00'O 00°O OF 


elo G 


6L°0 LEO 


| 
| 20 90°0 


=x 
t~ 


OOO 9c"0 00'O 6L°0 LO 


oo'U 9F'O 4 | 00°O clo 00'0 
00°O clo ; L0°0 00°O 00°O 
6o’0 ? 00°0 00°O Lg°0 
Oovv L0°0 000 000 
930 Sf OF'U 00'O 
LE°0 60 00°O 
00°O FOU 00°O 


EDIMENTATION 


Ss 


AND 





COUNTS 


SLO FLO g : 00°0 
> 990 | | rat t) EnV 
Go 0 SOO 


CFO ; CFO ? E20 
9o°0) ; | 330 00°O 
60°0 
00'O 
S00 LUO 
00°0 |} O0°O 
00°0 | S00 | OOO 
clo rat) 00°O 

clo 
00°0 | LO 
shog 


LEUCOCYTE 
OUIde 


th + 






Ak. $ 


of =H 


ET 
|} + 








nN , | IK | RR “WWD . WO y ‘WWD 

wad : wad Wd | wad ‘ wad 

ALVU STIAD SALAJOO SALAIONO'T SaLAJOdAVHY SALAOONOT «SA LAO 
SALADONON SALAQOHAW AT 


NOLLVLNAWNIGAS | GALVHOALNISIC | a MHdOSVa a IHdONISOS a UHdOULAAN AIH dOULAAN “OONET 


‘NIN CH “NIN CG] 


OSGOOD 








NQUCUH,) GIQ-4YVAA-NUALHDIQD NI GLVY NOLLVLNANIGAS GNV SLNIO) ALAQOOIA] ALVIOSHY GONV “IVLLNANSAAL “IVLOY, 


AI Wav L 





SHUBSTLOUL Uls 


MEDICINE 


‘AL 


CLINIC 


AND 


e) 
~~ 
<A 
a2 
< 


OF 


JOURNAL 


‘NIN CE “NIN CI 


ILVUY NOLL 
VLINANIGAS 


SUVA NAALHDIG 


ooo 
2O'0 


oo U 


"WHO 
Wad Wadd 
SALAJ 


OHAWATT 


SULAJONOW 
CALVUVALNISIC 


OL NAALALA SLNAOSTIOdY NI SaALVY 


NOLLVLNAWNIGAS 


6L°0 

OL 

oO | FLO 

Lv0'0 so | 610 
spy pup shiog 


000 ov 


ouWO 

6U°0 

900 
60'°0 


Go U 
1s'0 
LUO 
LUO 


, NWO 
udd - 
SALAVOSNO'T 
L{WHdOSVa a UHdONISOS 
HAY 410 


aNV SLNOAOD ALAVOONA'T 


A @iav 


*sasBo 98, +‘ SasBo CF 


Z° O6l | OF 
0°69 scl 
61'8 


00°O OU 


OLS 
Ga'8 
‘SasSBo CH yw 
O6L OF 
O69 
O'6T 


OO 
SO°U 


600 


. WN 


wdd 
SALAVIOUAVHY 


WUHdOULIAN MIUHdOULAAN 


ILAIOsdy aUNV ‘TVILNGNaAdIGG “IVLOL 


‘ ‘spursnouy Ul* 


10 AYUVANKIS 





OSGOOD ET AL.: LEUCOCYTE COUNTS AND SEDIMENTATION RATES 911 


TABLE VI 


STATISTICAL AND SMOOTHED MEANS AND RANGES FOR TOTAL, DIFFERENTIAL, AND ABSOLUTE 
LEUCOCYTE COUNTS AND SEDIMENTATION RATES IN ADOLESCENTS FIFTEEN 
TO EIGHTEEN YEARS OF AGE 


PROBABLE rm aes 
STATISTICAL : SMOOTHED 959% RANGE 


ERROR 
: MEAN 
DISTRIBUTION 


Leucocytes* per ¢.mm. se 9] 1,541 + 47 8,400 4,000-13,000 
Neutrophile lobocytest per cent ; 0.7 7.7 + 0.3 48 25-70 
per @mm. 03,9 94 Skew $0004 1,500-7 500 
Neutrophile rhabdocytes per cent 1§ 0-5§ 
per ¢.mm, 80 0-200$ 
Eosinophile lobocytes per cent 2$ 0-6§ 
per ¢.mm., 150§ 0-400$§ 
Basophile lobocytes per cent 0.5 0-2| 
per ¢.mm. 50 0-200 
Lymphoceytest per cent + 10.3 + 0.4 42 99.62 
per ¢c.mm. .~ . Skew 3,250 1,500-5,000 
Monocytes per cent 1§ 0-9§ 
300 0-S00 
Disintegrated cells per cent 3$ 0-7 | 
per ¢.mm, 250$ 0-600$ 
Sedimentation rate 15 min. 2.0 0.5-5.0 
45 min. 10.0 1.0-30.0 
*Applies to persons 8 to 18 years of age. 
+Applies to persons 15 to 19 years of age. 
tApplies to persons 4 to 7 and 15 years of age and over. 
§Applies to persons 15 years of age and over. 
Applies to persons 4 years of age and over. 


from the finger or ear. No difficulty was encountered in obtaining blood from 


the vein. The blood was taken at any time of day, as in ordinary office practice. 


The leucocyte counts were made with apparatus certified by the Bureau of 
Standards, counting an area of 0.4 ¢.mm. on each of two dilutions and using 
all the precautions outlined by Osgood.?. The differential cell counts were made 
on Wright’s stained smears on glass slides. Buffer phosphate was used as a 
diluent. The details of smearing and staining are deseribed elsewhere.* In 
making the differential counts, 200 or more cells were classified according to the 
criteria described and illustrated in An Atlas of Hematology,® taking care 
to study only such portions of the smears as were thin enough so that the akaryo- 
cytes (erythrocytes) were not touching each other. The absolute leucocyte counts 
were caleulated by multiplying the total leucocyte count by the percentage of 
the particular cell type. Plum‘ has given data from which the probable error 
if any of these determinations may be calculated. 

The sedimentation rates were determined on the same samples of oxalated 
blood, using a Westergren pipette, and taking readings at fifteen and forty-five 
minutes. Experience with over 80,000 determinations by this method has shown 

to have the advantages of the graphic methods and to be simpler and quicker. 


RESULTS 


Tables I to IV summarize the individual results for the total, differential, 

d absolute leucocyte counts and sedimentation rates for each age and sex 
oup. On examination of these tables and from the scatter diagrams," it is 
ident that there is no significant difference with age or sex within this group, 
so that it is justifiable to summarize the results for the entire group as has been 
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done in Table V. This table gives the averages and extreme ranges. For 
clinical purposes, however, the most useful range of normal is not the extreme 
range, but that range which will inelude about plus or minus three probable 
errors, or 95 per cent of healthy individuals. In other words, if a result in a 
person of this age group falls outside of the range, there is less than one chance 
in twenty that it is normal for that person. These 95 per cent ranges are sum- 
marized in Table VI. 

The sedimentation rates form a skew curve, with the greater number of 
determinations falling in the lower rates. It is probable that the rate of 15 mm. 
in forty-five minutes, which includes 80 per cent of the results, represents the 
strict upper limits of normal, and that the higher rates are due to mild chronic 
infection in the tonsils, teeth, or sinuses not detectable in the routine physical 
examination. 

SUMMARY 

There are no significant age or sex differences in the total, differential, or 
absolute leucocyte counts or in the sedimentation rates in persons fifteen to 
eighteen years of age. Table VI gives the data which should be most useful 
in interpretation of each of these determinations in persons of this age group. 


This is apparently the first study of normal values for these determinations in 


adolescents fifteen to eighteen years of age. 
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BIOCHEMICAL OBSERVATIONS IN HYPOGLYCEMIA INDUCED 
BY INSULIN* 


IV. Some EviIpENCES OF BLOOD CONCENTRATION IN HYPOGLYCEMIA 


Epwarp F. Rosensera, M.D., Rocuesrer, MINN. 
N A REPORT of the behavior of the blood gases during hypoglycemia® | 
pointed out that the hypoglycemic state is frequently associated with the 
development of an increase in oxygen-carrying capacity of venous blood. I 
stated that this increase is probably due to hemoconcentration and that studies 


of the hemoglobin should reveal an inereasing value as hypoglycemia appeared. 
CONCENTRATION OF HEMOGLOBIN 


Method.—Five patients were studied in the following manner: At 7:00 A.M. 


blood was drawn from an elbow vein and measured quantities of exactly 0.1 c.e. 


(Kahn pipette) were immediately transferred to 20 ¢.c. of 0.1 per cent solution 


of sodium carbonate in bottles impervious to actinie rays. A ‘‘coma dose’’ of 
insulin was injected into each patient after the withdrawal of the first sample 
of venous blood. Thereafter specimens of venous blood were collected hourly 
using the same procedure as above. The hypoglycemic state was interrupted 
at 11 a.m. (at which time all 5 patients had been in hypoglycemie coma for 
approximately one and a half hours) by the administration of 150 gm. of 
sucrose in water, through a nasal tube. The noon meal was served and a final 
blood specimen was collected at 2 p.m. The samples for hemoglobin deter- 
mination were then sent to the Section on Clinical Pathology of the Mayo Clinie, 
where they were examined by the photoelectrometric method® (Table I). 
Four of the 5 cases studied showed a definite rise in the value of hemo- 
elobin during hypoglycemia (Fig. 1). The average value for hemoglobin 
begins at 12.9 gm. per 100 ¢.c. of blood at 7 a.m. (86 per cent on a basis of 15 
ym. for 100 per cent) and reaches a high point of 13.8 gm. at 11 a.m. (92 per 
ent). Three hours after the termination of the hypoglycemia the average value 
had fallen to 13.2 gm., or 88 per cent. The total rise was 7.0 per cent over the 
uitial value. This is in agreement with the order of increase in value of oxygen 
apacity noted in my data on the blood gases in hypoglycemia. 
Comment.—Drabkin and Ravdin have published charts of the changes in 
emoglobin values in dogs during hypoglycemia. These charts indicate that 
‘he hemoglobin rises 20 to 40 per cent during hypoglycemia. However, these 
*From the Mayo Foundation, Rochester, Minn. 
Abridgment of thesis submitted to the Graduate School of The University of Minnesota 
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Received for publication October 20, 1938. 


913 





914 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


workers used enormous doses of insulin (20 units per kg. of body weight, 
equivalent to 1,400 units in a man weighing 70 kg.) and these results should 
strictly not be compared with our own observations, which were made using 
doses of the order of 1 to 2 units per kg. of body weight. 

Wiechmann and Koch studied the variations in hemoglobin content of 
blood of human beings in relation to the intra-ocular tension in hypoglycemia. 
After injection of a ‘‘toxie’’ dose of insulin (150 units in one instance and 
100 units in the second) into fasting patients, there appeared a considerable 
rise of the hemoglobin which fell after the taking of food. Their charts 
showed a rise from approximately 14 gm. to 18 gm. in one instance. This 
rise occurred over a period of five hours. A second chart pictures a rise from 
approximately 15.5 gm. to 18 gm. They believed that this change resulted 
from the perspiration which accompanied the hypoglycemia. This observa- 


tion was restated in a subsequent paper by Wiechmann and Liang. 
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Fig. 1.—Level of hemoglobin of venous blood in relation to hypoglycemia induced by insulin. 


HEMATOCRIT AND THE RED CORPUSCLE COUNT IN HYPOGLYCEMIA 


In the two studies represented in Table II, the hematocrit reading is seen 
to increase as hypoglycemia develops. The value of hematocrit tends to re 
main elevated above the original morning level late in the afternoon following 
a morning treatment. This tendency to remain elevated was also noted in 
studies of the oxygen capacity and hemoglobin in relation to hypoglycemia. 
It suggests that the hypoglycemic state is associated with changes in the 
physiologic status of the organism which persist for hours after the blood sugar 
has been elevated to normal levels by means of the administration of sugar. 

A few observations of the red blood corpuscle count were made in relation 
to hypoglycemia (Table III). With these counts simultaneous hematocrit and 
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TABLE I 


RELATIONSHIP OF THE VALUE OF HEMOGLOBIN TO THE HYPOGLYCEMIC STATE 


TIME BLOOD SUGAR" HEMOGLOBIN PER CENT HEMOGLOBIN 


Mag. per 100 c.c. of Gm. per 100 c.c. of (15 gm. = 100%) 
| blood blood 


Patient 1. Coma dose of insulin 100 units at 7 A.M. 


A.M. 107.5 
A.M. 
A.M. 21.0 
A.M. 
A.M. 20.0 


1] 
2 P.M. 131.6 


i el 
bo oo HO Ce be bo 


Patient 2. Coma dose of insulin 120 units at 7 A.M. 


20.0 
104.7 


Patient 3. Coma dose of insulin 120 units at 7 A.M. 


A.M. 131.6 
A.M. 
A.M. 24.0 
A.M. 
A.M. 20.1 
P.M. 111.1 


Patient 4. Coma dose of insulin 120 units at 7 A.M. 


A.M. 104.2 
A.M. 
A.M. 20.0 
A.M. 
A.M. 23.0 
P.M. 129.0 


1] 
1] 
12 
12 
13 
12 


Patient 5. Coma dose of insulin 120 units at 7 A.M. 


.M. | 86.9 
.M. 
A.M. 20.9 
.M. 
-M. 20.0 
-M. 100.0 


*Micromethod of Folin. 


blood sugar studies were made. In these studies the rise in hematocrit with 
the appearance of hypoglycemia was repeated, and there was an increase in 
the red blood corpusecle count. The extent of change in these counts, although 
strictly not large enough to be of statistical significance, is nevertheless prob- 
ably accurate in these instances. 

As a control of the above observations the following study was made 
Table IV) without administration of insulin. Thus, without insulin and 
vithout hypoglycemia there is no significant change in the value of hematocrit 
or of the red blood corpuscle count. 

Comment.—The finding of an increase in oxygen capacity and an increase 
1 the hemoglobin concentration of the blood during hypoglycemia led to a study 
f the behavior of hematocrit and the red blood count in relation to hypo- 
lycemia. 
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TABLE II 


RELATIONSHIP OF HEMATOCRIT VALUE TO HYPOGLYCEMIA 
BLOOD SUGAR* HEMATOCRIT READINGt | ERYTHROCYTES 
Mg. per 100 c.c. of 
blood 


Vols. pe r cent 


Patient 6. 90 units of insulin at 7 A.M. 


> 
Peder 
29.4 
150 gm. sucrose by 
nasal tube 
162 


| 
| 
| 
Not done 


ad 
= 


-atient 7. 160 units of insulin at 7 A. 


A 120.0 : 
A.M. 81.6 | 
A.M. 40.3 

| 


9 J 
10 A.M. 


29.3 


poror 
' 


—, 
=P) 


11 A.M. 28.8 


1] A.M. | 150 gm. sucrose by 
nasal tube 
| 


29 9 
Poo | 


1 P.M. 
4 P.M. Not done 


*Micromethod of Folin. 
#On basis of 5 c.c. of whole blood. 


TABLE III 


RELATIONSHIP OF HEMATOCRIT VALUE AND ERYTHROCYTE COUNT TO HYPOGLYCEMIA 
| HEMATOCRIT | 
| 


TIME BLOOD SUGAR* ERYTHROCYTES | ERYTHROCYTES 
| 


READING t | 


~ Mg. pe r 100 c.c. of g Vols. pe reent | Millions 


blood 


April 12, 1937. Patient 6. 90 units of insulin at 7:45 A.M. 





2 


7:45 A.M. 88.1 

9:45 A.M. 54.8 

11:45 A.M. 25.0 

11:45 A.M. 150 gm. sucrose 
1:45 P.M. 121.2 

3:45 P.M. Not done 


S Sino 
' | 


~ 


nasal tube 
| 


topos botet 


n Ent] 
vt 


=) 
—v 


April 16, 1937. Patient 8. 100 units of insulin at 7 A.M. 
anatigs : sa - 





7:00 A.M. | ~ 95.2 
9:00 A.M. 55.5 
1:00 A.M. | 23.7 
1:00 P.M. 129.0 
4:00 P.M. Not done 


DS DS DO DS bo 


*Micromethod of Folin. 
tOn basis of 5 c.c. of whole blood. 


Klein and Kment have observed that after administration of insulin, if 
hypoglycemic shock is permitted to develop, evidence of blood concentration 
appears. They found an increased red blood count, a rise in hematocrit, and 
an increase in serum albumin and dry substance of the blood in hypoglycemia. 
They stated that these findings do not appear if the blood sugar does not fall 
to hypoglycemic levels. Examination of their figures, however, gives one 
the impression that these conclusions were based on very slight changes. 
Only in one case did the rise in red blood count amount to 600,000, and even 
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TABLE IV 


CONTROL OBSERVATION 


; 7N y T ICR a = 5 
BLOOD SUGAR* | sapeey- te 2 rs ERYTHROCYTES ERYTHROCYTES 
READING t _ 
Mg. per 100 c.c. of | Vols. per cent Millions 
| blood 


April 16, 1957. Patient 6. Fasting—No insulin 


:O00 A.M. ~ 4108.1 24 | ~—S—é«SS . 
:00 A.M. 101.5 a 50 
:00 A.M. 95.2 2.45 49 
:00 P.M. | 114.0 4 48 
:00 PLM. Not done 2.4 





*Micromethod of Folin. 
7On basis of 5 c.c. of whole blood. 


TABLE V 


RELATIONSHIP OF PLASMA CHLORIDES TO HYPOGLYCEMIA 


BLOOD SUGAR* | PLASMA CHLORIDES 


| Mg. per 100 cc. of blood | —~CS 


May 26, 1937. Patient 1. 110 units of insulin at 7:00 A.M. 
:00 A.M. —— oa 
:00 A.M. 


700 A.M. 





Patient 3. 130 units of insulin at 7:00 A.M. 


-O0 A.M. 80.0 
9 


00 A.M. | 33.3 
00 A.M. | 30.0 


May 27, 1937. Patient 2. 110 units of insulin at 8:00 A.M. 


:00 A.M. | 711d «595 
:O00 ALM. | 25.0 | 601 
:00 A.M. | 25.0 | 


Patient 1. 110 units of insulin at 7:00 A.M. 





:00 A.M. ~ 108.7. | 598 
9:00 A.M. 27.5 | 603 
:00 A.M. | 23.0 609 





September 7, 1987. Patient 9. 60 units of insulin at 6:30 A.M. 





1:30 A.M. Zz 87.5 | 594 
:30 A.M. 29.7 637 
10:30 A.M. 20.0 618 





*Micromethod of Folin. 


this amount is not significant in a single reading. The hematocrit changes 
were somewhat more consistent but were nevertheless mostly of a small order. 
A rise in the red blood count might be expected in hypoglycemia if we 
accept the theory of increased excretion of adrenalin in hypoglycemic shock. 
‘loskins and Gunning have noted that injection of epinephrine causes contrac- 
on of the spleen, and this would be expected to result in a rise in the red 
ood count. Izquierdo and Cannon have reported an emotional polycythemia 
eats, and Schneider and Havens have stated that polyeythemia results from 
jection of epinephrine in man. 


THE LEVEL OF CHLORIDES IN PLASMA DURING HYPOGLYCEMIA 


The observation of the occurrence of hemoconcentration in hypoglycemia 
man, together with the marked perspiration which is often characteristic of 
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hypoglycemic shock, suggested a study of the chlorides of the blood in our 
patients (Table V). 

In each instance the studies of Table V have shown a slight rise in plasma 
chlorides during hypoglycemia. These findings are in accord with other evi- 
dence already presented that a slight hemoconcentration accompanies the hy- 
poglycemiec state. 


SUMMARY AND CONCLUSIONS 


My studies confirm the impression gained from considerable seattered 
evidence in the literature suggesting that the hypoglycemic state is associated 
with definite hemoconcentration. I have found a considerable rise in the 
values both for hemoglobin and for oxygen-carrying capacity of venous blood, 
and also distinet rises in the values for hematocrit and red blood corpuscle 
count. The levels of plasma chlorides in these same patients have regularly 


risen during hypoglycemia, and studies (made by Dr. Ancel Keyes) on these 


patients have shown that in the hypoglycemic state the amount of protein 


per unit volume of blood is increased. All of these findings indicate that 
water is lost from the blood, whereas erythrocytes, proteins, and some salts 
are retained. 
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THE INTRAMUSCULAR INJECTION OF VITAMIN K* 
GARNETT CHENEY, M.D., San FRANCISCO, CALIF. 


[' HAS been conclusively established that a deficiency of vitamin K in the 
diet of newly hatched chicks will lead to an abnormally prolonged blood 
coagulation time which becomes manifest in the second or third week of life, 
and which may be so pronounced that fatal hemorrhage will occur (fowl hemo- 
philia). The addition to the diet of vitamin K, or substances containing it, will 
correct the blood coagulation defect within three days’ time. The basie studies 
leading to the elucidation of the nature of this vitamin deficeney disease have 
been carried out by Dam'? in Copenhagen, Denmark, and by Almquist*> in 
Berkeley, California. Reeently, Almquist® has isolated the vitamin and made it 
available for use in pure form. 

Up until the time the present studies were begun, vitamin K had only been 
used orally. The biological assay of its effectiveness has been carried out by 
Almquist’ by determining the amount of vitamin in the diet which was neces- 
sary to reduce the blood coagulation time to a normal level after three days of 
feeding. He set the upper limit of the normal coagulation time of shed blood 
as thirty minutes, which corresponds with our own experience, although the 
coagulation time is usually less than ten minutes. The average time for 25 
range birds of different ages was found to be 6.1 minutes, 76 per cent of the birds 
being under six minutes. The time intervals varied from one to thirty minutes. 
Most of the control birds raised in the laboratory have a coagulation time of 
five minutes or less. Almquist found that unrefined preparations of vitamin K 
were effective at a level as low as 10 mg. per kg. of diet. Schonheyder has 
developed a more complicated form of biological assay.* 

The chief aims of the present study were (1) to determine the feasibility of 
administering vitamin K by intramuscular injections; (2) the effective 
parenteral dose which might be required; (3) the length of time it would take 
such a dose to reduce the blood coagulation time to normal; (4) the toxicity of 
the product used; and (5) the application of the knowledge obtained from inject- 
ing vitamin K into birds to the problem of similarly treating human patients. 
In April, 1938, Dam and Glavind® reported very briefly on the successful ad- 
ministration of vitamin K, parenterally, to birds and man, but failed to include 
any experimental data which would have any bearing on questions 2 to 5. They 


state that this data will be published at a later date. 


*From the Department of Medicine, Stanford University Medical School, San Francisco. 
Received for publication, December 3, 1938. 
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Our chicks* were raised in the laboratory in brooders with screened floors. 
The day after hatching they were started on a basal diet consisting of rice flour, 
73 per cent; ether extracted fish meal,t 17.5 per cent; brewer’s yeast, 7.5 per 
eent; cod-liver oil, 1 per cent; and sodium chloride 1 per cent. The diet is 
deficient in vitamin K, but may not produce a marked hemorrhagic tendeney 
unless the yeast is also extracted with ether. Great care must be exercised in 
keeping the cages free from droppings, as the feces are commonly ingested and 
may contain enough of the vitamin to prevent the development of the desired 
deficiency. With the exception of 3 birds to be noted later, all the chicks used 
in our experiments were 3 or 4 weeks old, and as the tables show, the great 
majority showed a prolonged blood coagulation time. In any series of birds 
studied, the time will vary from normal in an oceasional bird to over twenty- 
four hours. This may in part be due to the individual susceptibility of different 
birds, but is probably due to the fact that normal coagulation times occur follow- 
ing spontaneous and nonfatal hemorrhage. This probably also explains the 
frequency of normal coagulation times as the birds get older and the striking 
eyelie variations observed. Because of this beneficial effect of bleeding on fowl 
hemophilia, the birds must be studied in groups and not singly, in order to de- 
termine the extent of the bleeding tendency. For the blood coagulation tests 
5 to 8 drops of freely flowing blood from a wing vein puncture were received 
into small clean test tubes which had been rinsed with normal salt solution. 
The tubes were allowed to stand at room temperature, and coagulation was 
considered complete when no flow of blood occurred on inverting the tubes. 

The Injection of Vitamin K in Chicks.—Vitamin K is a fat-soluble, heat- 
stable sterol, and the preparation used had the appearance of a thin yellow oil 
It was supplied by Eli Lilly and Company, and was originally assayed in 
December, 1937, by Dr. H. J. Almquist, as being active at the 40 mg. level per kg. 
of basal diet. It contained 270 mg. of vitamin K per c.c. of the liquid substance. 
Just preceding our first injection experiments with vitamin K, we found this 
preparation gave complete protection when fed at a level of 54 mg. per kg. of 
diet, and that the coagulation time of the blood was normal as early as the 
second day. All the injections were given through a hypodermic needle into the 
breast muscle. Necessary dilutions for injections in birds were made with 
petroleum ether. No local reactions occurred. Very large doses were rapidly 
fatal in chicks, and in three instances death occurred following the injections of 
small doses. Autopsies failed to show the cause of the fatalities, although in 
some, hemorrhage into the liver suggested the injecting needle had passed 
through the rib cage into liver tissue. 

Table I shows the results of injecting fairly large doses of vitamin K (6.5 
mg. and 2.7 mg.) intramuscularly in 25 chicks. The vitamin preparation was 
autoclaved before injecting it into the first 17 chicks. The age of the birds 
varied from 17 days to 28 days, and the weight from 75 gm. to 140 gm., the 
older birds being heavier on the average. The average weight of the chicks 
at three weeks of age was about 100 gm. Where initial blood coagulation time: 


*We are indebted to Poehlmann Hatchery in Petaluma, Calif., for donating all of th 


chicks used in this work. 
+We are indebted to Dr. H. J. Almquist of the University of California at Berkeley, f 
the supply of extracted fish meal used in the diet. 
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TABLE I 


THE Errect OF VITAMIN K ADMINISTERED INTRAMUSCULARLY IN REDUCING THE COAGULATION 
TIME OF THE BLOoop or CHICKS WITH FowL HEMOPHILIA 


iain AGE INITIAL COAG- | VITAMIN K COAGULATION TIM ES AFTER INJECTION 
DAYS ULATION TIME AMOUNT 1 HR. 6 HR. 25 HR. 
Group I 
XI 82 
XI 90 
XI 73 
XI 106 
XI 75 








mg. 
mg. 
mg. 
mg. 


mg. 


Crororcror 


Group II 
XI 98 
XI 36 
XI 9] 
XI 97 
XI S7 
XI 89 


mg. 
mg. 
mg. 
mg. 
mg. 
mg. 


i ror 


Group Il 

XI 35 

XI 12 

XI RG 

XI (101 

XI 1] 

X! 24 

XII 106 , 61’ 

XII 107 r 102’ 

XII 108 , 52’ 

XII 109 , >6 hours 
XII 110 2 >6 hours 
XII 111 ; >6 hours 
mae 333 é >6 hours 
XIT 113 ; 162’ 


mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 
mg. 


mg. 





of the groups are not recorded, abnormally prolonged blood coagulation times 
were established for the whole group by bleeding a number of chicks which did 
not receive vitamin K. Group I shows a normal blood coagulation in each of 5 
birds, twenty-four hours after receiving an injection of 6.5 mg. of the vitamin, 
the times varying between one and ten minutes. Similarly in Group II, normal 
times were found in 6 birds which received 2.7 mg. of vitamin K each. Not 
only was the dose smaller for this group, but the coagulation time was tested at 
the end of six hours instead of twenty-four hours. In Group III, 14 chicks 
received the same amount of vitamin K intramuscularly, 2.7 mg., but the blood 
coagulation times were tested just one hour after the injections. They were 
well under thirty minutes in all but 2 birds, in which the times were thirty-two 
minutes and twenty-nine minutes, and ranged from two to twenty-three minutes, 
the average for these 12 chicks being 10.6 minutes. In 11 of these 14 birds, 
nitial coagulation times were taken before the injection of vitamin K, and 
vere longer than thirty minutes in all but two instances. The prolonged times 
aried from fifty minutes to longer than six hours. Table I shows the marked 
eduction in blood coagulation time which took place in each bird. These experi- 
nents in these three groups of chicks strongly suggest that large doses of vitamin 
i given intramuscularly will reduce an abnormally prolonged blood coagulation 
ime to the normal range within one hour. 
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TABLE II 


EVALUATION OF THE NECESSARY AMOUNT OF VITAMIN K GIVEN INTRAMUSCULARLY TO REDUCE 
THE BLoop COAGULATION TIME TO NORMAL IN CHICKS WitH FowL HEMOPHILIA 


ie] 


J 


im INITIAL VITAMIN COAGULATION TIMES 
BIRDS _ COAGULATION K AFTER INJECTION 
wee TIME AMOUNT 1 HR. 6 HR. 24 HR. 
Group IV 
XI 48 28 0.27 mg. R’ 
XI 1038 28 0.27 mg. i 
XI 109 28 0.27 mg. 29’ 
XIT 114 21 94’ 0.27 mg. 32’ 22’ 
XIT 115 21 46’ 0.27 mg. ’ a 
XII 116 2] 6 hours 0.27 mg. S’ 
XII 117 21 33’ 0.27 mg. 28’ 10’ 
XII 118 21 13’ 0.27 mg. 10’ 5’ 
XII 119 21 10’ 0.27 mg. }’ 4’ 
XII 120 21 6 hours 0.27 mg. 12’ 12’ 
XII 121 21 46’ 0.27 mg. 5’ 6’ 
Group V 
XIT 151 26 48’ 0.135 mg. 6 
XII 152 26 -5 hours 0.135 mg. Dead 
XII 153 26 >5 hours 0.135 mg. 32’ 
XII 154 26 >) hours 0.135 mg. 77 
XII 155 26 >5 hours 0.135 me. 54’ 
XIT 156 26 0.135 me. 22” 
XII 157 26 0.135 mg. 8’ 
XII 158 26 0.185 mg. 11’ 
XII 159 26 0.135 mg. 33° 


Table II records the blood coagulation times in 20 chicks receiving small 
doses of vitamin K by injection, 11 birds in Group IV receiving 0.27 mg., and 
9 in Group V receiving 0.135 mg. Initial times were taken in 13 instances, all 
but 2 being definitely prolonged. The findings in Group IV show (1) that a 
dose of 0.27 mg. is effective in twenty-four hours (3 birds) ; (2) that it is also 
effective in one hour (8 birds); and (3) that the average coagulation time was 
only slightly shorter six hours after injection than at the one-hour period 
(7 birds). The average time at one hour was fourteen minutes, and at six hours 
was nine minutes; an apparently definite reduction appearing in 4 of 7 birds. 
In one bird (XII-116) the blood taken at the six hours period failed to 
coagulate, presumably due to a technical error. In Group V, 0.135 mg. of 
vitamin K proved effective in reducing the blood coagulation time within one 
hour, but in only half the cases was it reduced to less than thirty minutes. In 
the first 5 birds of the group initial coagulation times were taken, and in 4 
these were greater than 5 hours, consequently marked reductions occurred, even 
though normal figures were not always reached. One bird died of shock follow- 
ing the injection. Of the 4 birds not bled before giving vitamin K, 3 showed 
a time under thirty minutes (22, 8, and 11) one hour after injection, and the 
fourth was only thirty-three minutes, so that it seems improbable that bleeding 
alone could have materially altered the times in the first 4 birds. The results of 
these experiments indicate that the minimum dose of vitamin K given intra- 
museularly, which is highly effective within one hour, lies between 0.135 mg. 
and 0.27 mg. 

The injection of very large doses of vitamin K intramuscularly in chicks 
is apparently fatal. Two birds receiving 54 mg. (0.2 ¢.c.) died in convulsions 
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within sixty seconds. Four other birds received 27 mg. (0.1 ¢.c.) which made 
them very restless and excited. One of them died in violent convulsions ten 
minutes later. 

The effect of hemorrhage on the coagulation time of chick’s blood is extremely 
important and must be considered in every experiment, as the loss of even a 
small amount of blood may greatly reduce the time within a short period of ob- 
servation. This has been recognized during the three years that the writer has 
been studying the blood of chickens; consequently, the series of experiments 
recorded in Table III and Fig. 1 were devised to try to obtain some accurate in- 


formation on this subject. Group VI in this table is comprised of eight 23-day- 


TABLE III 


THE Errect oF BLoop Loss Upon THE COAGULATION TIME OF CHICKS. MARKED REDUCTION 
WITHOUT THE ADMINISTRATION OF VITAMIN K 
COAGULATION TIME COAGULATION 
BIRDS BEFORE TIME 
INITIAL BLEEDING 1 HR. LATER 
Group VI 
XII 78 2: 248’ 
XII 75 95 >5 hours 
XII yA 245’ 
XII 74 95 124’ 
XII 76 2% >5 hours 
XII : 2; >5 hours 2 hours 
XII ‘ 23 >5 hours 2 hours 
XII ; 2% >5 hours 


Group 
62’ 70’ 
24 hours 24 hours 


6 hours 12 hours 


old chicks, all of which showed very prolonged coagulation times at the initial 


bleeding. Contrary to the procedure employed in the previous groups, no 
effort was made to control bleeding in these birds, so that most of them oozed 
blood continuously during the hour before the coagulation time was again 
tested. None died however. In contrast to this group, the 3 older (2 months) 
and larger (600 em., 490 gm., and 520 gm.) birds of Group VII were initially 
bled only the 5 drops usually obtained for the coagulation test, and then had 
continuous pressure applied to the incised wing vein until oozing of blood 
ceased. They were also retested at the end of one hour. As the table shows, 
the smaller birds which bled freely, losing a proportionately larger amount 
of blood than the older birds, all showed a marked reduction in their blood 
coagulation times, and in half the cases this reduction was actually down 
within the normal range, although beyond the average normal findings. The 
} larger birds, losing very little blood, showed no reduction in their prolonged 
‘oagulation times. It is obvious that there is a quantitative relationship be- 
tween the amount of blood loss and the degree of reduction of an abnormal 
‘oagulation time, and that a very small blood loss will not alter the time, 
while a large loss may reduce it to normal even within the period of an hour. 
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Fig. 1 records graphically the reductions in coagulation times at ten-minute 
intervals for an hour following the injection of 1.35 mg. of vitamin K into 2 
chicks, as compared to the same experiment in a chick which received no vitamin. 
Every effort was made to staunch hemorrhage between bleedings. The course 
of events is similar in both experiments, with times of thirteen minutes or less 
at the end of thirty minutes and of six minutes or less at the end of one hour. 
The reduction to a five-minute time, ten minutes after receiving vitamin K in one 
chick, may be due to a technical error, but a repetition of this experiment in 
another chick showed a reduction from an initial coagulation time of over two 
hours to sixteen minutes, ten minutes after the injection of 1.35 mg. of vitamin 
K, with a rise to twenty-eight minutes, twenty minutes after the injection. 


TIME AT INTERVALS OF IO MINUTES 
10 20 30 40 50 60 70 


| | 
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/ Vitamin K 
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Fig. 1.—Comparison of the effect on the blood coagulation time of initial injections of vitamin 
K in two chicks to one control without vitamin K. Similar results. 
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The time was only two minutes at the end of one hour. Here again the effect of 
blood loss in lessening prolonged coagulation time in the chick is astonishingly 
similar to that produced by the injection of a large amount of vitamin K. 

The Injection of Vitamin K in Man.—The same preparation of vitamin K 
used in chicks was injected intramuscularly into the right upper arm of a hemo- 
philiae patient in a dose of 1.0 ¢.¢. two weeks after it had last been shown to be 
active in chicks. It was autoclaved the day before using it, which concentrated 
it to about one-half its original volume, 1.0 ¢.c. containing approximately 0.5 
gm. The injection produced moderate tenderness and induration, but no 
systemic reactions. As Fig. 2 shows, the blood coagulation times were tested be- 
fore the injection and hourly for three hours thereafter, then at six hours, and 
then daily for four days. No significant change in the time of coagulation took 
place, although it was only one hour on the second day compared to an initial 
time of two hours and forty minutes. During this experiment the activity of 
the vitamin was again assayed against chicks and was found to be completely in- 


active. It was then discovered that the entire supply of vitamin K had in- 
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advertently been left out of the icebox by the technician for several days before 
this experiment was started. This may have caused its loss of potency. 

As a fresh supply of active vitamin K became available for use a month 
later, through the courtesy of the Abbott Laboratories, the experiment was re- 
peated using the first observations as a control. This time a dose of 100 mg. of 
vitamin K in 1 ¢.¢. of sesame oil was given to the same patient intramuscularly. 


DAY OF EXPERIMENT 
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Fig. 2.—Blood coagulation time studies on a hemophiliac receiving two separate injections 


| vitamin: K. In the longer experiment the vitamin was probably inactive. No _ beneficial 
This dose was selected on the basis, that if a 100 gm. chick required 0.2 mg., a 
50 kg. patient would require 500 times this amount, or 100 mg., providing a body 
weight dosage basis in birds can be applied to human beings. No untoward local 
or general reactions occurred following this intramuscular injection of vitamin 
K, or following twelve others given at later dates. Fig. 2 shows that the blood 
coagulation times, followed as in the first experiment, were of approximately 
the same magnitude, and that no significant change in time took place over a 
period of four days. After this experiment the vitamin preparation used was 
assayed and found to be active at about a 50 mg. per kg. of diet level. 

It may be coneluded from this experiment that vitamin K may be safely 
injected into man in the same proportionate dose as in chicks, but that no rapid 
reduction in the blood coagulation time oceurs in human hemophilia as in vitamin 
K deficiency in fowls. However, in a subsequent experiment in this same patient, 
the coagulation time was reduced to normal (ten minutes) within the ten days 
following the injection of 0.7 mg. of vitamin K in sesame oil. As this patient’s 
blood had been examined a number of times over a period of seven and one-half 
vears, and the coagulation time had never previously been less than one hour, 

is hardly likely that the development of a normal coagulation time for the 
rst time was only coincidental. The details of this experiment, together with 
other similar ones, will be reported elsewhere. 


DISCUSSION 


Vitamin K deficiency in chicks known as fowl hemophilia may be readily 
produced in the laboratory, providing strict attention is paid to the type of diet 
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used and the housing conditions of the birds. Once the deficiency is produced 
in a large number of chicks, it is possible not only to study the nature of the 
blood dyserasia, but also the effect of vitamin K upon it. It has been shown in 
Tables I and II that the hypodermic injection of this vitamin intramuscularly 
is highly effective in a dose as small as 0.135 mg. per chick of about 100 gm. 
of weight, and that the reduction in the blood coagulation time takes place with- 
in the period of one hour. It is nontoxic in relatively small doses in chicks 
and in man. 

Great care must be exercised not to confuse the effect of hemorrhage in re- 
ducing the blood coagulation time with the similar effect produced by the ad- 
ministration of vitamin K, as has been shown in Table III and Fig. 1. An ap- 
preciation of this fact is of the utmost importance in interpreting the results of 
vitamin K therapy when an initial coagulation time has been obtained, as a re- 
duction in the time may be due either to the initial bleeding or to the vitamin, 
even when a relatively very small amount of blood has been removed. An exact 
quantitative relationship has not yet been determined, but if only a few drops 
of blood are shed and subsequent bleeding is well controlled, hemorrhage alone 
is probably not the sole cause of a marked reduction in the blood coagulation 
time. It should also be noted that once birds on a diet deficient in vitamin K 
have been bled and have survived, the blood coagulation times may remain 
normal for weeks, rendering the chicks useless for further experiments. Five 
chicks with prolonged coagulation times rebled three weeks later all showed 
normal times which ranged from one to thirteen minutes. 

The truly remarkable effect of vitamin K in reducing the blood coagulation 
time of chicks from many hours to a few minutes within one hour after a single 
injection is paralleled by an extraordinary clinical observation. Birds with 
fowl hemophilia tend to bleed continuously after the wing vein is incised, and 
not infrequently suecumb from fatal hemorrhage within one or more hours. If 
these birds are promptly injected with adequate doses of vitamin K after the 
initial bleeding, hemorrhage from the wing vein stops almost immediately. This 
was observed again and again, and at the time the 8 birds were bled in Group 
VI, a similar control group was also run, the only difference being that these 
birds received injections of vitamin K directly after the initial bleeding. In 
this control group not only was there not any gross blood on the floor of their 
“age one hour later when the second bleeding was performed, but the wings 
were not spotted with blood, and the previously incised veins were covered with 
elot. Of the birds in Group VI which received no vitamin K, all showed evi- 
dence of free bleeding at the end of the hour, 2 were almost moribund, and the 
floor of their cage was covered with blood. Some of the wing veins showed 
no evidence of blood clot. Apparently vitamin K produces an almost im- 
mediate effect on the blood vessel wall or on the surrounding tissue juices which 
tends to arrest hemorrhage, even before any constant reduction in blood coagula 
tion time can be demonstrated. 

The nature of the blood coagulation defect in fowl hemophilia has been 
designated as a quantitative defect in prothrombin by Quick.’° This investi 
gator’s data and the interpretation thereof are certainly open to question. H: 
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studied relatively few birds on a deficient diet, the coagulation times of these 
birds were actually normal (under thirty minutes) in most instances, and specific 
data on normal control birds in his series are conspicuously lacking. He has 
not considered the effect of hemorrhage on either the coagulation time or the 
prothrombin content of the blood. Although the amount of prothrombin 
(thermolabile globulin) is apparently deficient in these birds, which is in ae- 
cord with the observations of Cheney and Rantz" in studying this problem, 
there is no positive evidence whatsoever that a deficiency in prothrombin is in 
itself the specific cause of the blood coagulation defect. The almost explosively 
beneficial effect of an injection of vitamin K can hardly be explained on the basis 
of a sudden flooding of the blood stream from some hidden source with a special 
form of globulin, particularly when the blood loss from the initial bleeding in 
some birds must deprive the bird of considerable blood globulin rather than 
tend to increase it. A marked loss in globulin in chicks with fowl hemophilia 
may well be part of a general diminution in blood proteins dependent on their 
restricted diet, on blood loss, or on some alteration in their metabolism. As no 
complete blood protein studies on chicks are available, this question cannot yet 
be settled. As long as the nature of the normal blood clotting mechanism re- 
mains in doubt, it is most difficult to interpret the abnormal, but it seems possible 
that the relationship of vitamin K to blood clotting may throw some new light 
on this whole subject. 

The application of the findings in fowl hemophilia to blood dyserasia prob- 
lems in human beings is beyond the scope of this report, except where it has 
heen shown that the parenteral administration of vitamin K to patients is 
feasible, and that no response to the injection of this vitamin occurs in human 
hemophilia comparable to that in the chick. In 1936 the writer found that feeding 
a vitamin K rich diet to 2 patients with hemophilia was without effect, and this 
has been reported by Dam,'? but the ease herein reported is apparently the first 
to be treated by injections of this vitamin. A number of papers are appearing 
in the literature’ '*-'° stating that hemorrhage in jaundice is due to a quantita- 
tive prothrombin defect dependent on a deficiency in vitamin K, but there is at 
present very little basie work to establish such a relationship so that clinicians 
should be most wary of using vitamin K therapeutically, except on purely ex- 
perimental grounds. 


CONCLUSIONS 


1. A single intramuscular injection of vitamin K in chicks with a prolonged 
hlood coagulation time due to a diet deficient in vitamin K (fowl hemophilia) 
will reduce the time to normal within the period of one hour. 

2. The minimum effective dose in one hour by injection is between 0.135 mg. 
and 0.27 mg. in three-week-old chicks, weighing approximately 100 gm. 

3. Blood loss may also reduce the prolonged coagulation time of fowl hemo- 
philia to normal. 

4. The intramuscular injection of vitamin K in man is apparently a safe 
rocedure. No certain indications for its use have yet been established, but it 
may prove of value in cases of jaundice which tend to bleed. 
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LYMPHOSARCOMA OF THE MEDIASTINUM (MALIGNANT 
THYMOMA)* 


A CLINICAL AND PATHOLOGICAL Stupy WITH CASE 
REPORT OF A CHILD 


Epwarp J. Bomze, M.D., ANp JAcK D. Kirsupaum, M.S., M.D. 
CHicaco, IL. 


UMORS in the mediastinum originating in the region of the thymus gland 

are comparatively rare, especially in children. In a series of 10,800 consecu- 
tive autopsies performed at the Cook County Hospital from January, 1929, to 
June, 1938, four cases of malignant thymoma were encountered, an incidence of 
0.036 per cent. One of these cases, the one here reported, occurred in a child. 
Symmers' in 1932 reported 25 cases in a series of 17,000 autopsies, an incidence 
of 0.14 per cent, while Crosby* in the same year reviewed 166 cases from the 
literature (including his own ease) of malignant thymoma. 


PATHOLOGY 


There is some controversy among authors as to the classification and 
nomenclature of malignant thymic tumors. All the classifications proposed ar 


*From the Department of Pathology, Cook County Hospital, Chicago. 
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based on the essential cell type or on the thymie constituents from which the 
tumor originates. The simplest and most generally accepted one is that of 
Ewing,’? who subdivides these tumors into three groups as follows: (1) Lympho- 
sarcoma, which is composed of small round cells and arises from the small 
thymie lymphocytes or thymocytes. This is the most frequent type of tumor 
which usually oceurs in children, and is characterized by a limited tendeney to 
metastasis, usually to neighboring structures. (2) Carcinoma, arising from 
the epithelial cells of the thymic reticulum and occurring in individuals past 40 
years. These resemble grossly the lymphosarcoma but are markedly radio- 
resistant. (3) Spindle-cell sarcoma, in which the tumor takes its origin from 
the seanty connective tissue stroma of the thymus. This type is very rare and 
occurs in individuals under 40 years. 

Andrus and Foot® classify thymomas as nonmalignant and malignant, sub- 
dividing the malignant forms more strictly on the basis of basie cell form into 
the following seven groups: (1) thymoeytie or lymphoeytoid type; (2) large 
celled or lymphoblastic type; (3) thymie reticulum cell type; (4) perithelial 
type; (5) granulomatous type; (6) epithelial or carcinomatous type; and (7) 
teratoid type. 

Evans,‘ in discussing his case, proposes a classification similar to that of 
Ewing, but in addition subdivides the lymphosarcomatous form into two types; 
first, those which are composed of masses of lymphoid tissue separated by con- 
nective tissue strands and, secondly, those tumors in which there is a resemblance 
to Hodgkin’s disease showing giant cells and eosinophile leucocytes. 

Ewing's classification to us is the simplest and most logieal one. Most 
authors, however, agree on one point, that the thymoma histologically is charae- 
terized by the marked polymorphism of the cells and the great variety of strue- 
tural forms. 

SYMPTOMS 


The clinical picture is not absolutely characteristic, but if the condition is 
kept in mind, an ante-mortem diagnosis is not difficult. The onset of symptoms, 
which occurs early in the course of the disease, may be ushered in gradually or 
suddenly. The most common symptoms are those of compression, such as cough, 
orthopnea, attacks of dyspnea, and hoarseness. A swelling may appear in the 
lower part of the neck, with a sense of oppression beneath the sternum, and in a 
few eases substernal pain is noted. Later the effects of compression predominate 
the elinieal picture, causing cyanosis, distention of the superficial chest veins, 
edema of the face, neck, and occasionally of an arm. Respiration becomes visibly 
diffieult, and an area of dullness beneath the upper half of the sternum occurs. 
‘‘luid may appear on one or both sides, and there may be signs of compression of 
one or both apices of the lungs. When the tumor becomes large, there may be a 
lifference in the pulse and blood pressure between the two upper extremities. 

The x-ray and fluoroscopic findings are very characteristic and reveal a 
videning of the upper mediastinal shadow. A biopsy may be taken if the 
umor presents itself in the neck in order to establish or confirm the diagnosis. 

The prognosis of thymic tumors is poor. However, several cures have been 
eported. Since the lymphosarcomatous type is radiosensitive, radium has been 
mployed, and Cutler’ reports a case clinically well seven years after the onset 
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of symptoms. Cutler states, ‘‘Usually those tumors which respond rapidly are 
so highly malignant that they are accompanied by a grave prognosis. ”’ 

Of the 4 patients with thymic tumor encountered in our material, 3 were of 
the lymphosarcomatous type, ages 58, 53, and 12, respectively, and one was a 
‘arcinoma in an individual aged 37. Because of the rarity of malignant 
thymomas in children, we are reporting the following ease. 


CASE REPORT 


The patient, aged 12, was brought to the Cook County Hospital, April 19, 1938, suffer- 
ing from extreme dyspnea and cyanosis. He died while being examined. The mother stated 
that he had been at the Children’s Memorial Hospital for the same trouble several weeks 
previously and had been discharged improved on April 11, 1938. The history, as obtained 
through the kind courtesy of the Children’s Memorial Hospital, was as follows: The 
patient, a white boy of Polish descent, was brought to their dispensary on March 27, 1938, 
at which time the mother stated that the boy had been perfectly well until six days previ- 
ously (March 21, 1938). At that time he began to cough slightly and had much diffieulty in 
breathing. A swelling in the anterior and lower part of his neck became visible. A physician 
was called on the morning of March 27, 1938, the sixth day of symptoms, and his illness was 
diagnosed as diphtheria. 

The patient was immediately taken to the Municipal Contagious Hospital and there given 
diphtheria antitoxin. Following the administration of the antitoxin, an x-ray examination 
was made; this showed a mass in the chest. The patient was then referred to the Children’s 
Memorial Hospital. By this time he was very dyspneic and somewhat cyanotic. 

Physical examination revealed a severely dyspneic, somewhat cyanotic, white male 
child in acute respiratory distress. There was a large, nontender, sharply circumscribed 
mass in the thyroid area of the neck. Two large dilated veins in the skin of the chest were 
seen to come from under the sternoclavicular region and pass up to the chin. There was 
dullness, especially to the left of the sternum and to the left of the spine, with some flatness. 
Breath sounds were suppressed in these areas. There was an inspiratory and slight expira- 
tory stridor. Temperature and blood pressure readings were normal. The boy appeared 
well nourished and well developed. 

Laboratory Examination: Urine was entirely negative; the tuberculin skin tests were 
Kahn, and Kolmer tests were negative. Blood examinations 


negative. The Wassermann, 
The blood find- 


were done on numerous occasions because of the strong possibility of leucemia. 
ings are noted in Table I. 
TABLE I 


BLoop WorRK 


DIFFERENTIAL COUNT 
- PLATELETS 


DATE HB. R.B.C. W.B.C. ep aT Renen, ro rr 
| Per cent Per cent 
3/27/38 | 80 4,080,000} 24,800 S4 12 4 261,000 
3/28/38 | 14,800 iy 18 4 1 
3/30/38 | 9,100 48 52 | 
X-ray Rx 
3/31/38 90 4,700,000 5,600 54 45 | ] 
4/11/3:! | 6,100 87 12 1 





A sternal bone marrow puncture revealed in 500 cells counted: lymphocytes 30.2 per 
cent; segmented neutrophiles 29.6 per cent; stab neutrophiles 21.4 per cent; metamyelocytes 
8 per cent; neutrophilic myelocytes 6.6 per cent; eosinophiles myelocytes 0.2 per cent; 
blast forms 1 per cent; mature eosinophiles 0.2 per cent; monocytes 2 per cent; erythroid 
nucleated elements 0.8 per cent. 

An x-ray examination of the chest revealed a dense tumor mass in the upper mediastinum, 
predominantly on the left side and anterior to the trachea. The lungs were hyperaerated, and 
there was accentuation of the bronchial markings below each lung hilus. 
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Fig. 2.—Photograph 
c? tumor 


trachea. 

















Clinical diagnosis was not definitely made. The predominating opinion, however, was 
hat the patient was suffering from (1) lymphatic leucemia (aleucemic phase), with formation 
f a mediastinal mass or (2) from a mediastinal tumor of unknown origin. 

Course: On March 30, following x-ray therapy (190 roentgen units for five minutes), 
he tumor mass decreased in size about 40 per cent, and there was less emphysema of the 
lungs. However, when another x-ray film was taken on April 9, ten days later, the tumor 
hadow was 1 em. wider than on the previous examination, but 3 em. narrower than when 
irst visualized. The patient was discharged from the hospital April 11, 1938, frequently 
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returning to the out-patient dispensary. He remained well for a week, and then suddenly 
developed respiratory distress and cyanosis. He was rushed to the Cook County Hospital and 
died while being examined. 

Post-Mortem Findings: The autopsy was performed one and one-half hours after death. 
There was a marked cyanosis about the head. The essential pathologie findings were contined 
to the thorax. The left pleural cavity contained about 150 em. of a clear yellow fluid. The 
anterior mediastinum was completely filled by a large, firm, rubbery tumor mass, measuring 
17 em. in vertical diameter, 10 cm. in transverse diameter and 10 cm. in anteroposterior 
diameter. The mass was adherent to the pericardial sac, extending downward to the apical 
region, and upward to the level of the thyroid cartilage. It slightly compressed the apex of the 
left upper pulmonary lobe and the left main bronchus, and completely encircled the trachea, 
thereby compressing its lumen (Fig. 1). On the posterior aspect of the trachea the tumor 
formed a plate, measuring 8.5 by 4.5 em, (Fig. 2). On sectioning the mass was pale gray tan 
in color, irregularly lobulated, and mottled with pinhead to 2 cm. in diameter dark purple-red 


areas 

















Fig. 3.—Photomicrograph of the tumor showing the lymphocytic character of the type cell. 
(Magnification 300.) 


The bifurcation lymph nodes were enlarged up to 20 mm. in diameter, firm, and although 
matted together, their individual outlines were still discernible. On sectioning, the surface 
was purple gray with multiple hemorrhagic areas scattered throughout. The mucosa of the 
trachea and main bronchi was covered by a frothy blood-stained mucus. 

The left lung was subcrepitant throughout, and on the anterior surface there were numer 
ous hemorrhagic areas up to 8 mm. On sectioning, the cut surface was uniformly deep purple 
gray and moist with blood. The right lung was similar in appearance. The other findings 
showed nothing unusual. 

Microscopic Examination: Sections from the tumor in the mediastinum showed a 
uniform and rather monotonous picture made up of a diffuse proliferation of small cells of the 
lymphocyte type (Fig. 3). Their nuclei for the most part filled the cell and there was a 
very narrow rim of cytoplasm. One cell bordered on another and was frequently separated 
by fine fibrils which stained steel blue with Azon stain. No mitotic figures were seen. No 
clear-cut Hassall’s bodies were seen in these sections, but in many places single isolated 
epithelial cells, reticulum cells, and structures resembling fragmented degenerated portions 
of Hassall’s corpuscles could be seen. 

Sections of the spleen revealed large lymph follicles with large germinal centers con 
taining single swollen mononuclear cells, and single polymorphonuclear leucocytes. The 
sinuses appeared markedly dilated and contained much blood. 
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Anatomic Diagnosis: Lymphosarcoma of the anterior mediastinum (malignant thy- 
moma) ; compression of the apex of the left lung, the heart, and the trachea; left hydrothorax ; 
edema and passive congestion of both lungs; passive congestion and follicular hyper- 


plasia of the spleen; parenchymatous degeneration of the heart, liver, and kidneys. 
DISCUSSION 


The diagnosis of a malignant thymoma in our patient is suggested in view of 
the anatomic location of the tumor mass and the typical histologie pieture. Al- 
though typical Hassall’s corpuscles which are characteristic of the thymus 
gland were not found, there were structures suggesting remnants of the gland. 
That we were not dealing with a sarcomatous transformation of a lymphatic 
leucemia is evidenced by the absence of a generalized or localized lymphadenop- 
athy, the normal blood picture, and the absence of leucemie infiltrations in 
the internal organs. Clinically the tumor showed signs of being radiosensitive, 
and the rapid death of the patient was caused by compression of the trachea 
and heart. 

According to Jones® and Brown,’ the thymie origin of the mediastinal sar- 
comas is indicated by the presence of a large slightly lobulated tumor at the site 
of the thymus, which extends downward behind the sternum without infiltration 
of bone, involves the pericardium and pleura by direct extension, and histo- 
logically resembles thymie tissue. Crosby* adds to these criteria the tendency 
of thymie tissue to surround and compress the trachea, bronchi, pericardium, 
and the great vessels. Death is caused by compression of the air passages, and 
less often by invasion of the vessels, thus producing asphyxia and venous ob- 
struction which may develop gradually or very suddenly. 

From a ¢linical point of view the recognition of thymic tumors, particularly 
those of the lymphoeytie type, is important in spite of the infrequency of their 
occurrence. The tumor usually indicates its presence comparatively early in its 
course of development because of its location and proximity to the trachea, 
bronchi, great vessels, lungs, and heart. The characteristic radiosensitivity of 
these tumors offers hope of cure, or at least spectacular relief, of the extremely 
distressing respiratory difficulty and obstructive manifestations, with consequent 
prolongation of life in relative comfort. Also, several cases have been reported 
in which complete surgical removal of the tumor was successfully accomplished, 
resulting in complete cures, the patients being alive and well eight months to 
two years or more following operation. 


1 


According to Crosby,* cough or hoarseness without expectoration or hemop- 
tysis is usually the first symptom in those cases in which the onset is gradual. 
Dyspnea then becomes apparent or may be the initial symptom in eases in which 
the symptoms come on suddenly. Other less frequent symptoms are puffiness 
about the eyelids, fullness in the anterior part of the neck, and a pink discolora- 
tion of the eyelids. Later there is engorgement of the veins of the neck, cyanosis, 
edema of the face and upper extremities, palpitation, substernal pain and 
oppression, dysphagia, headaches, and progressive severe dyspnea. In some 
cases inequality of the pulses in the upper extremities is found. Pleural 
effusions, most commonly on the left side, hydrothorax, and cardiac displacement 






are seen in many cases. 
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lhe most important diagnostie measure is the x-ray examination of the 
chest. The findings are very suggestive, if not absolutely characteristic, and 






in the opinion of many roentgenologists an absolute diagnosis can be made pro- 






viding the condition is kept in mind. Doub® describes the x-ray findings as 






consisting of a ‘‘more or less cireular sharply-defined, non-pulsating shadow 






just above the cardiac shadow in the position ordinarily occupied by the thymus 
gland.’’ X-ray films in the lateral position reveal the tumor occupying the 
anterior mediastinum. The mass may project to one side and may not be 







symmetrically placed. In some cases it is irregular in outline. Fluoroscopie 






examination is valuable in ruling out the pulsations of an aortie aneurysm. In 






some advanced cases there may be extension into the pleura or lungs, with 
haziness of the lung fields so that the cireumseribed tumor eannot be seen. 







Many eases have been reported by Norris,'® Kahr,'' Craver and MaeComb,"” 
Margolis,'* and Foot and Harrington,'* in which a thymoma was associated with 







myasthenia gravis, Addison’s disease, and osteomalacia. 
The differential diagnosis ineludes such conditions as aortic aneurysm, 






mediastinal abscess, leucemia, chronic mediastinitis, substernal thyroid, Pott’s 






disease, tuberculous mediastinal lymph nodes, generalized lymphosareoma, Hodg- 






kin’s disease, and intrathoracie goiter as described by Kirshbaum and Rosen- 







blum.*® 
SUMMARY 







A ease of lymphosarcoma in the region of the thymus gland, or so-called 
malignant thymoma, in a child is here presented. In a review of 10,800 
necropsies, 4 cases of malignant thymoma were encountered, 3 cases of the 







lymphoeytie type (lymphosarcoma), and one of the epithelial type (carcinoma). 
The differential diagnosis of intrathoracic lesions is discussed, and the pathologie 







and clinical manifestations of malignant thymoma are emphasized. 
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EXPERIMENTAL NEPHRITIS PRODUCED BY STAPHYLOCOCCUS 
TOXIN IN THE DOG* 


R. H. Rigpon, M.D., NasHuviLtuLe, TENN. 


ECROSIS in the cortex of the kidney may follow the intravenous injection 

of staphylococcus toxin in the dog and rabbit. All investigators do not 
agree as to the pathogenesis of this lesion. Neisser and Levaditi' in 1900 
first described it in the rabbit and expressed the opinion that emboli formed 
by degenerating leucocytes obstruct the smaller blood vessels and infarets 
subsequently develop. Rigdon and his associates? in 1934 concluded from 
their studies that the cortical necrosis was the result of direet injury to the 
epithelium and endothelium of the glomeruli and the epithelium of the tubules. 
Von Glahn and Weld* in 1935 noted an early necrosis of some of the renal 
arteries and stated that ‘‘the changes in the vascular elements of the kidney 
were further advanced than those in the epithelium of the tubules. When the 
arteries were occluded by fibrin the circulation must have ceased through 
certain portions of the cortex and it would seem most plausible that this oe- 
clusion determined in many of the kidneys the widespread cortical necroses 
that are indeed of the nature of infarets.’’ 
Glynn‘ in 1937 expressed the opinion that staphylococcus toxin ‘‘ causes a 
dilatation of small arteries, arterioles, and capillaries. It is excreted through 
the glomeruli and causes direct damage to tubular epithelium. It injures 
capillaries, produces loss of tone with subsequent extreme dilatation and 
eventually sudden rupture. The sudden bursting of glomerular loops is the 
mechanism by which hemorrhage occurs. Necrosis quickly follows for the 
tubular epithelium already damaged by the toxin has little resistance to the 
anemia resulting from the hemorrhage.’’ 

This report is a study of the renal lesions and their pathogenesis in the 
dog following the intravenous and intrarenal arterial injection of staphylo- 
ecoeeus toxin. The latter route of inoculation was used in an attempt to in- 
crease the concentration of toxin in the kidney. 


MATERIAL AND METHODS 


The staphylococcus toxin was prepared by growing a hemolytie Staphylo- 
coccus aureus in veal infusion broth for forty-eight hours. The toxin was 
filtered through a Berkefeld candle, tested for sterility, and stored at 5° C. 
The technique for producing toxin is given elsewhere.’ All the toxin contained 
a hemotoxin. No attempt was made to standardize it on the basis of renal 


necrosis, since this problem was one to study the lesions produced by this toxin. 


*From the Department of Pathology, Vanderbilt University Medical School, Nashville. 
Received for publication, December 9, 1938. 
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Twenty-six normal dogs, varying from 0.9 to 18 kg., were given this toxin 
intravenously, usually in the femoral vein. The frequency and the amount of 
the inoculum given to the different animals are illustrated by the group of dogs 
shown in Table I. 

Twelve dogs were given staphylococeus toxin directly into the renal artery.* 
(ne of these died on the seventh postoperative day. The other dogs were killed 
at intervals between the second and sixteenth days of the experiment. The 
renal vessels in this group of dogs were exposed through an extraperitoneal 
approach. The toxin was slowly injected into the artery through a 20 gauge 
needle. Pressure was applied to the artery for approximately three minutes. 
A ligature was placed under the renal vein and held taut during the injection 
and for approximately one minute thereafter. The animals were anesthetized 
with either nembutal or ether. 

Staphylococcus toxin heated at 100° C. for two hours was injected into the 
renal artery of two dogs, and infusion broth was given intravenously to another 
dog for the control experiment. 

All animals were observed closely during the experiment and usually they 
were autopsied immediately after death. The tissues were fixed in Zenker and 
10 per cent formaldehyde solution. Seetions were stained routinely with 
hematoxylin and eosin, and select ones were stained with Mallory’s aniline blue 
connective tissue stain and by Gram’s and Giemsa’s methods. 

The amount of nonprotein nitrogen in the blood was determined before or 
after the intravenous injection of the toxin in 17 of the dogs. 


CLINICAL OBSERVATIONS 


Staphylococcus toxin injected intravenously. The dogs react differently. 
Some vomit, pass small stools, and void five to ten minutes after the inoculation. 
The vomiting sometimes continues for several hours. Abdominal cramps and 
tenesmus are often marked. Weakness and general prostration frequently 
progress until death two to six hours after the inoculation. 

The dogs that live for five to six days do not show these acute symptoms. 
These animals usually vomit and sometimes refuse food and water. Frequently 
they develop a mild diarrhea with blood in the stools and become very weak 
twelve to twenty hours before death. Groups of muscles frequently twiteh dur- 
ing this time. Some dogs apparently become comatose a few hours before 
death. Convulsions frequently occur during the latter hours of life. Some have 
involuntary stools, increased salivation, a peculiar stain in their eves, and fixa- 
tion of the head or extremities for short intervals. They are too weak to stand 
at this time; convulsions become more frequent until death. 

The dog given only infusion broth did not show any clinical changes differ- 
ent from a normal animal. 

Staphylococcus toxin injected intrarenally. All the dogs in this group 
except 2 appeared perfectly normal following the inoculation of the toxin. 
These 2 were sick and refused food on the third day following the operation. 





*Dr. Sanford E. Levy, National Research Fellow in the Medical Sciences, working in the 
Department of Surgery, injected the renal artery in this group of dogs. I appreciate Dr. 
Levy’s cooperation and wish to thank him and the Department of Surgery for their assistance 
in this study. 
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Fig. A.—i1. Dog F. Pyknotic nuclei, fragmented cells, and few polymorphonuclear 
leucocytes are present in the tuft. There is an apparent increase in endothelial-like cells in 
the glomerulus. (See Table I. H. & E. X700.) 2. Dog I. There is a proliferation of endo- 
thelial-like cells in the glomerular tufts. There is a diffuse glomerular change. Mononuclear 
cells are often present in the interstitial tissue and about the injured glomeruli. (See Table 
I. H. & E. 550.) 3. Dog 63. Fibrosis of all or only a portion of the glomerulus is a 
frequent lesion in this kidney. One and five-tenths cubic centimeters of staphylococcus toxin 
were injected into the renal artery fifteen days before this dog was killed. (H. & FE. K200.) 


One had blood in the stools on the second postoperative day. Both were sick 
until the fourth and seventh days, at which time one was killed and the other 
died. 

One of the dogs in the control group was normal following the intrarenal 
injection of the heated staphylococcus toxin; the other refused food and was 
sick on the ninth day, and was found dead on the morning of the tenth. 

Observations on Nonprotein Nitrogen in Blood.—Table I shows the amount 
of nonprotein nitrogen in the blood of 5 of the 17 dogs given staphylococcus 


toxin intravenously. Three of these dogs lived for forty-eight hours or longer 
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Fig. B.—1!. Dog I. Colloid or hyaline droplets are numerous in the tubular epithelial 
cells. (See Table I. H. & E. 600.) 2. Dog F. Some of the capillaries between the renal 
tubules are dilated and filled with polymorphonuclear leucocytes. The tubular epithelial cells 
are severely injured. This dog was killed on the sixth day of the experiment. (See Table I 
for the time and the amount of toxin given. H. & FE. X475.) 3. The endothelial cells lining 
the capillaries as shown in Fig. B, 2 are swollen, pyknotic, and fragmented. Injury to the 
endothelium apparently precedes the accumulation of leucocytes in the lumen of the blood 
vessels. (H. & FE. 1500.) 4. Dog A. Diffuse hemorrhages are present in the cortex of the 
kidney. The lesion is bilateral. Twenty-four cubic centimeters of staphylococcus toxin were 
given intravenously at 2:30 P.M. and the dog was found dead at 8:30 A.M. the following 
morning. 45. Dog 68. This kidney is only slightly smaller than the normal. Petechiae and 
focal yellow areas are present in the cortex. He was inoculated in the renal artery with 
1.5 e.c. of staphylococcus toxin fifteen days before he was killed. 6. Dog I. The cortex has 
many focal pale yellow areas which suggest necrosis. The animal was killed on the sixteenth 
day of the experiment. (See Table I for the time and amount of toxin given and also the 
nonprotein nitrogen content of the blood.) 7. Dog 62. The greater part of the renal cortex 
is atrophic. The surface in this area is relatively uniform in appearance. There is one 
circumscribed area of normal tissue. Apparently no toxin reached this portion of the kidney. 
1.2 ¢.c. of staphylococcus toxin was injected into the renal artery sixteen days before this 
dog was killed, 


and showed 120 to 240 mg. nonprotein nitrogen at the time of death. Observa- 
tions were not made on 7 dogs, since they died in less than twenty-four hours 
following the injection of the toxin. The other animals did not show any 
variation from the normal. 
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PATHOLOGIC STUDY 


Staphylococcus torin injected intravenously. Usually there are no gross 
renal lesions in the animals that die during the first six hours following the 
injection of the staphylococcus toxin. The lesions vary after this time. There 
are diffuse and circumscribed areas of hemorrhage in some of the kidneys 
(Fig. B, 4). In others there are petechiae and pale vellow foeal areas in the 
cortex (Fig. B, 6). 

The vaseular lesions are inconspicuous during the first few hours following 
the injection of toxin. The endothelial cells lining the glomerular capillaries 
and the capillary plexus around the renal tubules become swollen, pyknotic, and 
show karyorrhexis during the first twenty-four hours. Polymorphonuclear 
leucocytes subsequently accumulate along the wall of some of these capillaries 
in such numbers that there is apparently some interference in the circulation 
(Fig. B, 2 and 3). When the injury to the endothelium is less severe and the 
animal lives for ten days or longer, there are an apparent hypertrophy and 
hyperplasia of the endothelium. These regenerated cells stain more baso- 
philically than the normal. Some of the capillary loops in the glomeruli are 
dilated and filled with red blood cells, others show a pink staining coagulated 
material which apparently represents an accumulation of injured endothelial 
cells, fibrin, and red blood cells. The basement membranes in such glomeruli 
also appear disintegrated. 

Red blood cells frequently escape through these injured capillary walls. 
A pink staining albuminous material sometimes fills Bowman’s space and ap- 
parently compresses the tufts. Some of the glomeruli show polymorphonuclear 
leucocytes in the capillaries (Fig. A, 7). There is an apparent regeneration 
and hyperplasia of the glomerular endothelium subsequent to the acute lesion 
(Fig. A, 2). 

The medium and larger renal arteries are normal in all of the dogs, 
except the one given the staphylococcus toxin intravenously. Many of the 
vessels in this animal are completely occluded by a friable and neerotie ma- 
terial. There are many focal necrotie areas in the cortex and medulla which 
apparently have resulted from vascular obstructions. 

The lesion in the tubular epithelium is usually pronounced. The cells 
lining the convoluted portion of the tubule apparently show the most marked 
change. The earliest lesions, those which occur within the first six hours 
following the injection of the toxin, are cloudy swelling, pyknosis, karyor- 
rhexis, and rupture of cell membranes. Sometimes the cytoplasm of these 
cells is coagulated in the dogs that live for twenty-four hours or longer follow- 
ing the inoeulation. Colloid or hyaline droplets are present in some of the 
tubular epithelial cells (Fig. B, 7). The walls of these tubules appear normal, 
although the injury to the epithelial cells may be very extensive. 

The lumina of tubules are often filled with albumin, cellular debris, and 
hyaline casts. Some of the latter are calcified. 

Staphylococcus toxin injected intrarenally. The renal lesions in this grou 
of dogs are somewhat different from those which follow the intravenous injectior 
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of staphylococcus toxin. The kidney on the side in which the renal artery is 
injected is the only one to vary from the normal. The gross appearance of 
these kidneys varies. The lesion is influenced by the length of time elapsing 
between the injection of the toxin and death. The injected kidneys from the 
dogs that died during the first four days of the experiment are swollen and 
hemorrhagic. Frequently the cortex shows focal hemorrhagic areas which are 
separated by apparently normal renal tissue. The kidneys from the dogs 
which survive for four days or longer vary widely in their gross appearance. 
Some are normal in size while others are atrophic (Fig. B, 7). The cortex 
may be irregular and searred. Petechiae are present in the renal cortex of 
one of these dogs that lived for sixteen days following the intrarenal inocula- 
tion of the toxin (Fig. B, 35). 

The vascular lesions in the kidneys are very conspicuous in this group 
of dogs. Thrombi are present in branches of the renal artery proximal to the 
kidney in 3 of the animals. A majority of the other 9 dogs also show changes 
in the medium and small renal arteries. The walls of some of the arteries are 
infiltrated with polymorphonuclear leucocytes in the animals that survive 
the effects of the toxin for the shortest periods. Fresh, old, and organizing 
thrombi are present in other renal vessels. Necrosis in the cortex resembles 
that resulting from vascular obstruction. The renal tissue between these areas 
of necrosis shows an atrophy of some of the tubules and dilatation of others. 
The lumina of the latter are frequently filled with albumin, red blood cells, 
and hyaline casts. The epithelial cells lining these tubules are usually smaller 
than the normal and stain more deeply with the basophilie stains. Some of 
the glomeruli are partially or completely fibrosed, others are represented by 
a few greatly dilated capillaries (Fig. A, 3). Red blood cells sometimes fill 
Bowman’s space and extend down into the convolution portion of the tubules. 
The interstitial tissue frequently has proliferated. 

No pathologic changes are present in the kidneys of one of the two 
dogs in the control experiment. The dog that died had a wound infection and 


focal abscesses in both kidneys. 
DISCUSSION 


The present investigation shows that staphylococcus toxin when injected 
either intravenously or intrarenally injures the endothelial cells of the blood 
vessels, glomeruli, and the epithelium of the renal tubules. Thrombosis and 
infaretion often result from injury to the endothelium of the blood vessels. 

The early renal lesions following the intravenous injection of staphylo- 
coeceus toxin are found primarily in the endothelium of the capillaries, in the 
glomeruli, and in the epithelial cells of the tubules. Staphylococcus toxin pro- 
duces the same type of injury when given intravenously as it does when it is 
given intrarenally. However, when inoculated by the latter route, lesions 
resulting from the vascular change frequently completely overshadow those 
produced by the toxin in the glomeruli and tubules. 

The effect of the procedure used in the intrarenal arterial injection may 
have had some influence on the development of the lesion. Whether or not 
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the toxin was in the same concentration when it reached the kidney following 
the intravenous injection as it was after the intrarenal inoculation is not 
known. It is interesting, however, to note that the severity of the process 
apparently was influenced by the amount of toxin injected. The variation 
in suseeptibility of the different dogs was marked. 

The tubular epithelium and the capillary endothelium show all the changes 
from cloudy swelling to complete destruction. Sometimes the renal lesions 
following the intravenous injection of staphylococcus toxin are so diffuse that 
death occurs very early. It is difficult to produce renal injury by the intra- 
venous injection of the toxin without the process being so diffuse and severe 
that the animal dies acutely. The lesions produced by the toxin following 
the intrarenal injection are complicated by the infarets which develop second- 
arily to the vascular injury. 

The renal lesions which result from occlusions in the vessels can usually 
he differentiated from those resulting from the action of staphylococcus toxin. 
Those changes produced by the former involve both the parenchymatous tissue 
and the stroma, while the latter affect primarily only the parenchymatous 
tissues. 

The glomerular lesions observed in this study resemble those produced 
by Ahlstrom in the rabbit by injecting intravenously staphylococcus toxin in 
combination with horse serum.® The renal lesions he thought were of allergic 
origin because they differed distinctly from those he observed in the rabbit 
inoeulated with only staphylococcus toxin. Since no foreign serum was given 
to the dogs in this experiment, and, furthermore, since only one injection 
of toxin was given to many of the animals, it would appear most unlikely 
that the pathologie changes are the result of any allergic manifestation. 

The association of glomerular and tubular lesions with an elevation in the 
nonprotein nitrogen indicates renal dysfunction. Some of the lesions in the 
dog following the intravenous and intrarenal injection of staphylococcus toxin 
are very similar to some of the lesions previously described in the human 


kidney in eases of staphylococcus infection. 
SUMMARY 


Staphylococcus toxin injected intravenously and intrarenally in the dog 
injures directly the endothelium of the small renal arteries, glomerular eapil- 
laries, and the capillary plexus around the renal tubules, and also the tubular 
epithelial cells. Obstruction in blood vessels may occur secondarily to the 
vaseular injury. 

The renal lesion is accompanied by a retention of nonprotein nitrogen in 
the blood. 

The histologic changes are frequently similar to those lesions observed in the 
human being in cases of glomerular nephritis. 
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ALIMENTARY LIPEMIA IN YOUNG DIABETICS WITH EVIDENCE 
OF LIVER DAMAGE OR DYSFUNCTION* 


WitH A NOTE ON THE EFFECT OF BETAINE ADMINISTRATION ON LIVER FUNCTION 
AND ON ALIMENTARY LIPEMIA 


Ropert C. Lowe, M.D., New ORLEANS, La. 


A® THE result of the work of Hartley,' Leathes and Meyer-Wedell,? London,* 
Artom,* Best,° Aylward, Channon, and Wilkinson,® and their associates, 
to mention only a few, the liver has come to be recognized as playing a definite 
role in the normal metabolism of fats. On the other hand, the exact changes 
which fats undergo in the normal liver have not yet been definitely worked out. 
As the work on these problems has progressed, attempts have been made to 
measure disturbances of fat metabolism in the diseased liver by comparing the 
degree of lipemia produced by the oral or the intravenous administration of 
fats with the lipemia observed in normal persons under the same test condi- 
tions.**!° 

Nachlas and his associates,” studying the lipemic curves induced by intra- 

venous injection of a fat emulsion in dogs before and after the production of 
experimental liver damage, interpreted their results as showing that the liver 
plays a part in the removal of fat from the blood, and that damage to this fune- 
tion is reflected in the form of the blood fat curves as an increase in the degree 
of lipemia. They point out, however, that the curves tend to return to normal 
form in spite of persistent anatomic liver damage. Sullivan and Fershtand,* 
vho studied fat absorption curves obtained from patients with various types 
of liver disease, concluded that these curves were of value as an index of liver 
unetion. This conclusion was based on the finding that such patients exhibited 
n abnormally prolonged elevation of the blood fat level, though the elevation 
tself did not exceed the normal degree. 

Attention was soon directed to fat metabolism in diabetics by the work of 
sloor,'! Man and Peters,'* Blix,'* and others, and studies on alimentary lipemia 
n such subjects have been carried out by several workers.* !* 14 Blix was unable 
0 demonstrate any abnormal variations of lipemia (p-fraction, including neutral 





*From the Department of Internal Medicine and the Pathological Chemistry Laboratories, 
niversity of Iowa Hospitals, Iowa City, and the Department of Medicine, School of Medicine, 
ouisiana State University, New Orleans. 
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fat and free cholesterol) in a series of diabetics. He concluded, therefore, 
that there was no relationship between the severity or the degree of control 
of the diabetes and the form of the blood fat curve. Hejda,'* who studied 
the lipemia curves in a group of nondiabetics, found that the ratio of the 
highest blood fat level to the fasting level varied from 1.27 to 1.35, which he 
considered to be the normal range. In another group, consisting of 3 diabeties, 
1 patient with obesity, 1 with adiposogenital dystrophy, and 1 with myelog- 
enous leucemia, he found ratios ranging from 1.4 to 1.58. He assumed on the 
basis of these higher ratios that these patients had a decreased tolerance for 
fat. 

Sullivan and Fershtand included in their study of alimentary lipemia in 
liver disease a group of diabetie subjects, some of whom exhibited a delayed 
fall of their lipemia. They do not make it clear, however, whether they as- 
sume that the diabetics who showed a prolonged elevation of the blood fat 
eurve had liver damage. Hanssen'® reported a series of diabetics with enlarge- 
ment of the liver in none of whom liver function tests (the urobilinuria test 
of Schlesinger and the choleic acid test of Hays) showed any variation from 
the normal. 

MATERIALS AND METHODS 


This contribution has two purposes: (1) to report a study of the fat ab- 
sorption curves in 10 young diabetics who showed definite evidence of liver 
dysfunction or damage; and (2) to report a study of the influence of a lipo- 
tropic factor on these fat absorption curves and on liver function. There are 
no reports in the literature entirely comparable to our own, since other studies 
have been carried out on unselected groups of diabetics. 

All of the diabetics studied were relatively refractory to control measures, 
and several showed symptoms of sympathetic imbalance similar to that observed 
by Man and Peters’ in their contribution entitled Serum Lipoids in Diabeti 
Acidosis. 

The presence of liver dysfunction or damage was determined by the exist- 
ence of two or more of the following findings at the time the observations on 
alimentary lipemia were made: 


A. Elevated plasma bilirubin (Gibson and Goodrich). 

B. Decreased excretion of hippuric acid (Quick). 

(. Enlargement of the liver. 

LD. Difficulty in controlling the diabetic state. 

The fat absorption curves were obtained as follows: 

The postabsorption level of the total plasma lipids was determined to b« 
normal or at a constant level during a period of observation. After a fast o! 
fourteen hours, a blood sample (oxalated) was withdrawn. The patient was 
then given a test meal consisting of one piece of toast, a cup of coffee without 
cream, and 1 gm. of butter per kg. of body weight. Venous blood sample: 
(oxalated) were withdrawn one and one-half, three, four and one-half, and si: 
hours after the meal. 

The blood specimens were centrifuged at high speed for thirty minute: 
and the total lipids were extracted from 5 ¢.c. of plasma by Bloor’s metho 
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The whole extract was filtered off quantitatively and evaporated to dryness 
on the steam bath. The lipids were then extracted from the residue with 
petroleum ether, filtered quantitatively into a weighed dish, evaporated to dry- 
ness again, and kept overnight in a desiccator. The samples were weighed in 
the morning and the total lipids were caleulated in milligrams per hundred 
cubie centimeters. Further fractionation of the lipids was earried out, but 
only the total lipid values are reported here, with mention of the other frae- 
tions when the values seem especially important. 


RESULTS AND DISCUSSION 


The findings in our group of young diabetics are presented in Table I, 
arranged according to the first fasting blood lipid level, and may be summarized 
as follows: 

Four patients showed elevated plasma bilirubin (1.0 to 2.2 mg. per cent). 
The norm is less than 0.5 mg. per cent. 

Six patients showed decreased excretion of hippurie acid (Quick). The 
norm is 3 gm. excreted in four hours. 

Seven patients showed livers enlarged 2 fingers or more below the costal 
margin. 

All the subjects, it will be reealled, were young diabeties in whom it was 
difficult, if not impossible, to maintain adequate control of the blood sugar. 
It is thus evident that in each patient there are at least two findings which 
may be assumed to indicate gross anatomic changes or definite disturbance 
of the metabolie functions of the liver. 

It will be noted that the postabsorption values of the total lipids fall 
within normal limits, except in Cases 9 and 10. In Case 10 hyperlipemia per- 
sisted over a period of nine months with very little variation, although when 
the patient left the hospital his diabetes was well controlled. Such a ‘‘fixa- 
tion’’ of the hyperlipemia has been described by Blix,’* who mentions three 
similar cases, one reported by Chauffard and two by Labbé. In Labbé’s eases 
only the total cholesterol values were followed. Blix postulates a greatly 
damaged fat metabolism mechanism and a slow repair to explain the long 
continued hyperlipemia in these cases. 

A comparison of the alimentary lipemia curves with other values will 
indicate how little correlation we observed between the clinical status of 
the patient’s liver funetion and the shape of the blood lipid curve. If it be 
assumed that the degree of the elevation or the duration of the elevation of 
the blood lipids is an indication of the patient’s tolerance for fats, and if it 
be further assumed that liver damage decreases this tolerance and leads to 
abnormal elevations or prolonged elevations of the blood lipid curve, then 
liver function with reference to fat metabolism would not seem to be greatly 
iltered in some of these patients. In some patients it might even appear that 
the feeding of fat stimulated its own metabolism in the body, corresponding 
0 the ‘‘Bahnung’’ suggested by Blix. 

In Table I there is given also the ratio employed by Hejda as a simple 
iethod of depicting the degree of lipemia. In our own eases this ranges from 
1.69 to 1.52. Such a range indicates that all types of curves were encountered, 
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TABLE II 


onan ALIMENTARY LIPEMIA eupasen 
TOTAL PLASMA LIPID aia 











DATI FASTING 1% 3 ti, 6 
Mg. % Ma. % 
Dog 1 
1 11/29 37 752 656 | 654 606, 606 146 
2 2/ 3/38 524 $80) $20 352 380s -172 
,_/9o* 7 fd } | —4 | 
3 12/13/37 oi2 $52 448 $28 454 S4 
4 1/ 5/38 247 344 380 B26 306 $133 
Dog g : 
l 0/20/38 302 278 320 328 | 314 + 26 
2 5/24/38 248 268 294 282 274 + 46 
3 6/ 6/38 200 2PQ8 PQ4 296 260 + 9S 
TABLE III 
FASTING TOTAL LIPID | AVERAGE RISE OF LIPEMIA CURVES AT 3-6 HOURS 
F ‘ NO. CASES ge eee eee aT: 
MG.% PER CENT MG. %& 
Data from Sullivan and Fershtands 
£00- 500 8 | 85.0 313 
500- 600 16 57.0 289 
600- 700 12 37.7 } 198 
T00-1000 6 34.9 266 
Data from Weehsler? 
600- S00 | 4 | 26.0 | 175 
800- 900 12 16.6 140 
900-1100 4 8.5 80 


varying from the paradoxical hypolipemia observed in diabetics by Blix to 
hyperlipemia comparable to that observed in the same type of subject by Blix, 
Hejda, and Sullivan and Fershtand. 

It was thought that certain data observed on depancreatized dogs might 
supply a possible clue to the explanation of these findings. Table II presents 
a series of alimentary lipemia curves obtained in 2 dogs which had been sub- 
mitted to panereatectomy several months before these studies were begun. 
During the period of observation the animals received a diet of two meals a 
day, each consisting of ground beef with about 8 per cent fat (300 to 400 gm.) 
and sugar (25 gm.). In addition, they were given bone ash (4 gm.), cod-liver 
oil, and vitamin B, once a day. During the period in which the tests were made 
each animal received 30 gm. of a fatty acid mixture (1 part oleic to 2 parts 
palmitie) with 10 gm. of glycerol daily to insure more adequate fat absorption. 
This preeaution seemed necessary because, following pancreatectomy, the stools 
were extremely fatty, indicating a poor absorption of neutral fats. No pan- 
ereatie substance of any kind was administered. The blood lipid curves were 
obtained after a fasting period of twenty-four hours and a test meal of 100 
c.e, of 40 per cent cream. 

Krom the data obtained for both dogs it would seem that the form of the 
lipemie curve is in part, at least, a function of its initial level, whereas there 
ippears to be an inverse relationship between the extent of the rise or fall of 
the eurve and the initial level. In both dogs the eurves vary from hypo- 
lipemie depressions through flat curves to hyperlipemic elevations. 

Table IIL presents the figures obtained by calculation of the average rise 
of plasma fat in per cent and milligrams per 100 ¢.c. from the series of 43 
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normal patients reported by Sullivan and Fershtand*® and from 20 eurves on 
17 normal subjects studied by Wechsler.’ These figures suggest that in the 
normal individual there is a similar inverse relationship between the degree 
of lipemia and the postabsorption blood lipid level. 

The data which we present in Table I show no semblance of correlation 
between the postabsorption values and the degree of lipemia. Although the 
relationship between liver dysfunction in human diabeties and fatty changes 
in the livers of depancreatized dogs is not definitely established, there seems 
no doubt that some relationship does exist. The outstanding differences seem 
to be that in the dog there is a marked drop in the total blood lipids and the 
plasma cholesterol esters. These findings, which were reported by Chaikoff 
and Kaplan,’® were noted in our own experimental animals. It seems within 
the realm of possibility that diabetie subjects with normal or hypolipemie 
curves show postabsorption blood lipid levels which, although normal when com- 
pared with standards for normal subjects, may be, nevertheless, relatively hyper- 
lipemie as regards the particular individual. Whatever pathologie physiology 
operates in the dog to lower the basal blood lipid level might very well be operat- 
ing in these diabetics also, complicated by some faetor tending to elevate the 
blood lipids above the basal level. The nature of this complicating factor is, 
however, not clear. Its operation in the depancreatized dog is indicated by 
the variations of the postabsorption blood lipid level (Table Il). No adequate 
explanation is at hand, except, perhaps, that at the time the high postabsorp- 
tion lipid values were obtained, the dogs required more insulin than when 
the values were low, which indicates a refractory state of the diabetes at these 
times. 

THE EFFECT OF BETAINE CHLORIDE ON ALIMENTARY LIPEMIA 

The work of Best® and his associates has shown that the normal metabolism 
of fat in the liver requires the presence of choline or a choline-like substance in 
the diet. In the absence of such a substance fat deposition occurs in the liver, 
and the pereentage of neutral fats and cholesterol esters rises to abnormal levels. 
Best has found that betaine, like choline, will prevent this deposition. The eura- 
tive effect of this therapy, however, seems less than the preventive. 

In another phase of our study we attempted to determine the effect of 
betaine on hepatie function, as indicated by various liver function tests, and on 
the fat absorption curves. Nine of our 10 patients received from 3 to 6 gm. of 
betaine chloride daily over periods ranging from one to three weeks. At the end 
of these periods, the liver function tests and fat absorption curves were repeated. 
The data thus obtained are included in Table I and may be summarized as 
follows: 

In 4 patients in whom the plasma bilirubin had been previously increased, 
there was a return to normal level in 3 patients and a slight decrease in the 
fourth patient. Rabinowitch'’ noted similar alterations. 

In all patients on whom the Quick test was repeated there was a return 
to normal levels. 

There was a variable, but not striking, degree of decrease in the size of th: 
liver in the 7 patients in whom it was abnormally enlarged. 
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Several of the patients showed a definite improvement in their response 
to the measures instituted for the control of their diabetes. This improvement 
was particularly striking in 2 patients who had been in the hospital for several 
weeks prior to the beginning of this study and who had been very difficult to 
manage during that time. 

The changes observed in the fat absorption curves are of interest, though 
it is difficult to evaluate the specifie effect of the betaine because the reactions 
varied so definitely. There were two distinct types of reaction observed. In 4 of 
the 9 patients there was a definite rise (100 mg. or more) of the postabsorption 
level of the blood lipids. In 4 patients there was no significant change. In the 
ninth patient there was a definite decrease of 96 mg. In Cases 1, 2, 4, 5, 8, and 
10 there was a decrease in the degree of lipemia induced by the fat meal follow- 
ing betaine administration, as indicated by the Hejda ratio, and in all except 
Case 2, in which there was a continuous decline of the blood lipids, the lipid 
values returned to the fasting level at six hours, in contrast to the original curves. 
It was in this group of patients that the greatest improvement in the diabetic 
state was observed. 

In Cases 3, 6, and 7 the changes were exactly the reverse of those Just men- 
tioned. The original curves (obtained before betaine administration) either 
rose slightly or decreased below the fasting level. Those curves which rose above 
the fasting level returned to it at the sixth hour, whereas after the administration 
of betaine the lipemia curves of each of the patients showed an increased ab- 
solute and relative rise and a delayed return to the original level. 

Other differences separate this second group of cases from the first group. 
Exeept for Case 10, which is an instance of ‘‘ fixed hyperlipemia,’’ the eases in 
this second group are the only ones which show an increased plasma bilirubin. 
They all show relatively high cholesterol ester percentages in the plasma, 70, 81, 
and 94 per cent, respectively, of the total cholesterol. A similar phenomenon 
was observed by Gardner and Gainsborough'® in 4 eases of cholecystitis and 
cholelithiasis. Under the influence of betaine therapy the ester percentage in our 
own cases dropped by 15.7 per cent, 65.4 per cent, and 47 per cent, respectively, 
of their original percentage values. In this second group of patients, further- 
more, no definite improvement was observed in their response to diabetic manage- 
ment. 

The ester percentages in the first group were normal, and there was no signif- 
icant alteration after the institution of betaine therapy. It seems likely, there- 
fore, that some fundamental difference exists between these two groups of 
patients, but we do not have sufficient data available to make definite state- 
ments on this point. 

SUMMARY 


1. The alimentary lipemia was studied in a group of 10 young diabetics, all 
of whom gave evidence of liver dysfunction or anatomic liver damage. No 
correlation was found between the level or duration of elevation of the total blood 
lipids and the degree of liver damage indicated by several liver function tests. 

2. Clinical and experimental evidence is presented which may serve to 
explain the difference in our results as compared with the reports in the litera- 
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ture, which suggest that in certain types of liver damage alimentary lipemia 
serves as an index of liver function. 

3. A study was made of the effect of betaine chloride therapy on the liver 
function, diabetic status, and alimentary lipemia in this group of diabetie sub- 
jects. In all eases liver function was improved according to the tests employed. 
Two types of response were observed with respect to the alimentary lipemia, 
and the clinical control of the diabetic status seemed to differ according to the 
type of response. <A decrease of alimentary lipemia was associated with an im- 
provement in diabetic control, whereas an increase of alimentary lipemia was 
associated with no significant alteration. 

4. A fundamental metabolic difference of some yet undefinable sort appears 
to exist which may account for the difference in response of these patients to 
both a ‘‘fat tolerance procedure’’ and betaine therapy for control of their 
diabetie state. The number of cases is too small, however, to warrant definite 
conelusions. 


Note: After this paper was completed there came to our attention an article on this 
subject by Priscilla White and her associates (White, P., Marble, A., Bogan, I. K., and Smith, 
R. M.: Enlargement of the Liver in Diabetie Children. Il. Effect of Raw Pancreas, Betaine 
Hydrochloride, and Protamine Insulin. Arch. Int. Med. 62: 751-764, 1938). Their data cor 
respond with ours in all respects, except that they observed a consistent decrease in cholesterol 
ester values from the normal of approximately 50 per cent, whereas we found values varying 
from 50 to 94 per cent. 
advice during this 


I am grateful to Professor R. B. Gibson for his assistance and 
tests on the patients 


study, and to Dr. F. M. Smith for permitting me to make the necessary 
in his hospital wards. 
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THE EFFECT OF INTRAVENOUS INJECTIONS OF MAGNESIUM 


SULFATE ON THE VOLUME OF THE EXTREMITIES* 





Viceror G. Haury, A.B., M.D., Pui_apenputa, Pa. 


T HAS been shown' that intravenous injections of magnesium sulfate into 
| experimental animals produce a dilation of the capillaries and an inerease 
in the volume of the splanchnic organs. The present investigation was under- 
taken to determine if magnesium would produce a similar vasodilation and 
an inerease in the volume of the extremities, when injected into the human 
subject. 





Fig. 1.—Male, E. S., aged 40 years. Plethysmographic record of right foot. Twenty 
cubie centimeters of 10 per cent magnesium sulfate were injected in the interval between the 
arrows * ¥. Upstroke of the record indicates an increase in the size of the organ. Time in 
intervals of six seconds is shown in the bottom line. 


Method.—Seven patients suffering from vasomotor disorders were chosen as 
the subjects for this investigation. Each patient was given 20 ¢.c. of 10 per cent 
magnesium sulfate at the rate of 4 ¢.¢. per minute. The injections were made 
into the median basilie vein. Previous to the injection the arm or foot was 
enclosed in a glass oneometer. The oncometer was connected with a rubber 
tube to a modified Brodie bellows, which wrote its record on a smoked drum 
surface. 

Results —In every case a marked increase in the volume of the extremity 
was recorded following the intravenous injection of the magnesium sulfate. The 
dilation persisted for ten to thirty minutes following a single injection. The 
nly subjective symptoms reported by the patients were a feeling of dryness 
ind warmth of the mouth, and a generalized feeling of heat starting in the 


*From the Department of Pharmacology, Jefferson Medical College, Philadelphia. 

This investigation was made possible through a grant from Parke, Davis & Co., to 
Jefferson Medical College for research in science. 
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thorax and arms and progressing downward. Two patients became slightly 
drowsy. No respiratory depression was noted whatever. Ampoules of ealeium 
gluconate were always kept available in case of emergency. One patient suf- 
fering from Raynaud’s disease was given 2 ¢.c. of 50 per cent magnesium 
sulfate intramuscularly following the intravenous injection. This patient 
reported a relief of symptoms which recurred twenty-four hours later. Whether 
or not this relief was due to the magnesium therapy must be determined by 
further trials. 

Fig. 1 shows a typical plethysmographie record of the lower right extremity 
following the injection of 20 ¢.c. of 10 per cent magnesium sulfate. The increase 
in the volume of the leg persisted for ten minutes in this case. 


CONCLUSIONS 


Intravenous injections of magnesium sulfate produce a marked increase in 
the volume of the extremities. By analogy with experiments on laboratory 
animals this increase in volume is believed to be due to an active vasodilation. 
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RAGWEED POLLEN: AN ARTEFACT IN TISSUE SECTIONS* 
Epwin G. Epertz, B.S., AND WALTER C. Losirz, Jr., B.S., CINCINNATI, OHIO 


ITH the widespread distribution of ragweed pollen it is indeed curious 

that contamination of biologie specimens by these materials has not been 
reported often. We have had an interesting experience with ragweed pollen 
contamination of tissue prepared for microscopic examination. 

A biopsy was taken of a skin lesion from a case of atypical scleredema in 
Cincinnati in the later summer of 1933. The section was placed immediately 
in formalin and sent to the pathologie laboratory. Detailed special staining 
was done and one set of slides, stained by Giemsa’s method, showed occasional 
round spiculed bodies. These spiculed spheres, about six times the diameter 
of a red blood cell, had a thick shell-like structure surrounding a central darker 
staining area, either round, oval, or three-sided (uterus-like) in shape (Fig. 1). 
These bodies appeared to be within the tissue in some sections and on top of the 
tissue in others. There were no reacting cells present in relation to these spheres. 
There was no foreign body giant cell reaction present. 

Curious as it may seem, a skin lesion (from the arm) during a recurrence 
of the same disease process in the same individual, in the fall of 1937, showed 
similar spheres. This biopsy was taken at the Cincinnati General Hospital and 
sent to the pathologie laboratory. 





*From the Department of Physiology, University of Cincinnati. 
Received for publication, December 21, 1938. 
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These spiculed bodies were not seen in the first set of biopsies taken in 
1933. Beeause of the interest of the case itself, sections were sent to patholo- 
gists all over the world. During a detailed examination, as regards search for 
bacteria, these bodies were found in certain sections of the biopsy taken in 1937, 
After this the first set of biopsies was re-examined and in a few of the sections 
these bodies were seen. 

When these bodies were observed first there was considerable speculation. 
Many diagnoses were offered. Most of the opinions leaned toward some sort 
of ‘‘parasitie worm’’ or ‘‘ovum.”’ It was obvious, after the correct diagnosis 
had been made, that most of the workers in various fields were not familiar with 
ragweed pollen. 





BUR 














Fig. 1.—Ragweed pollen granule (dried) lying to right of arrectores pilorum and to left of 
space artefact in the subcutaneous tissue of the skin lesion in an incidence of atypical 
scleredema, Note the absence of any reacting cells or foreign body giant cells, 

Extensive investigation proved these bodies to be dried ragweed pollen 
granules (Ambrosiaceae) having no etiologic relationship to the disease entity ; 
they were merely foiegn bodies introduced during the process of fixing and 
staining. 

The fixing, staining, and mounting of these sections in 1933 and 1937 oe- 
curred in different laboratories, each located in a different building. Both 
these buildings, however, are in close proximity to the same wind-swept field, 
notorious for its ragweed. Since the workers in these and other laboratories 
in the same and bordering buildings use open windows in the late summer and 
fall months, it is strange that this contamination has not occurred or been ree- 
ognized more frequently. 
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SUMMARY 


Suspicious microscopic bodies were seen in skin biopsies of the same disease 
in the same individual taken after an interval of four years. These bodies were 
found to be ragweed pollen and were merely contaminants occurring during 
tissue fixing and staining. The tissues were prepared in different laboratories 
of the same hospital in late summer of 1933 and fall of 1937. Adjacent to these 
laboratories was a huge wind-swept field filled with ragweed. 


THE CULTURE OF HUMAN MARROW AS AN AID IN THE 
EVALUATION OF THERAPEUTIC AGENTS* 


STUDIES OF SULFANILAMIDE AND RELATED COMPOUNDS 
EpwIn E. Oscoop, M.D... PortLANb, ORE. 


HE chief methods now in use for the evaluation of therapeutic agents are 

animal experimentation and clinical investigation. Perfusion experiments 
and experiments on isolated fragments of tissue are also in common use. These 
methods are all of proved value, but all have certain limitations. It is the pur- 
pose of this article to point out some of the advantages which the methods de- 
veloped for culture of human marrow offer in the study of therapeutie and 
noxious agents. 

METHODS 


The vaccine vial technique has already been deseribed.' It is very simple 
and well adapted for controlled quantitative studies. Briefly, it is as follows: 

With a tight 10 ¢.c. syringe, aspirate from 1 to 10 ¢.¢. of marrow.? Attach 
a 20 gauge needle and introduce the marrow into a 50 ¢.c. vaccine vial containing 
25 «.e. of sterile citrated balanced salt solution. Centrifugate the vial contain- 
ing the marrow, withdraw the supernatant liquid, mix the cells with the remain- 
ing liquid, and transfer to a volume index tube* capped with rubber dam. 
Centrifugate this, discard the supernatant fluid, withdraw all of the white cell 
layer and a little of the red blood cell layer, and transfer to a 30 ¢.c. Pyrex 
vaeeine vial containing 8 ¢.c. of marrow culture medium. The medium consists 
of 35 per cent human cord serum and 65 per cent balanced salt solution. Mix 
well. This procedure concentrates the nucleated cells and eliminates most of the 
akaryocytes (nonnucleated erythrocytes) which have a tendency to inhibit 
growth. Mix thoroughly, withdraw 0.5 ¢.c., and do a total nucleated cell count 
according to the usual technique for white cell counts. Dilute the remaining mar- 
row in the vial with the required amount of marrow culture medium to give a total 
nucleated cell count of 1,000 to 2,000 per e.mm. Mix thoroughly, and sub- 

*From the Department of Medicine and the Division of Experimental Medicine, Universit) 
of Oregon Medical School, Portland. 
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divide into a series of 30 ¢.¢. vaccine vials, placing 8 (5 to 15) ¢.e. in each vial. 
Leave one for a control, and to the others add the desired quantity of a 
sterile solution in balanced salt solution of any substance to be tested. Place 
in the incubator. Change the medium by centrifugation and withdrawal of the 
supernatant fluid every forty-eight hours. Change the gas mixture once a 
week. Samples of the mixed cultures may be withdrawn at any time for 
quantitative chemical, hematologic, bacteriologic, or serologic study. 

The improved apparatus for large-scale study? has been described in de- 
tail. It offers the additional advantages of maintaining under constant con- 
trol the oxygen and carbon dioxide tensions, the composition of the medium, 
its rate of circulation, and the elimination of waste products. In other words, 
it provides for the functions of a lung, circulation, and kidney. For most pur- 
poses, however, the simpler vaccine vial method will prove satisfactory. 
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Fig. 1.—Karyoblast (megaloblast) arrested in the metaphase of mitosis from a_ sixteen-hour- 


old culture of human marrow containing 1:250,000 colchicine, Wright's stain 1,800. 


Advantages of These Methods.—Human marrow is readily available from 
either sick or well persons by the simple and relatively painless sternal pune- 
ture method.’ 

It seems likely that conclusions based on the study of human cells should 
be more directly applicable to human disease than studies on animals or on 
animal tissue. 

These cells are separate and countable so that the number of each type of 
cell present at any time may be calculated, including the number of cells in 
process of mitotic and amitotie division. No other method of tissue culture per- 
mits this accurate determination of the amount and type of tissue investigated. 
With the aid of colchicine,» which arrests mitoses in the metaphase, it may be 
possible to determine the number of mitoses in any desired period of time (Fig. 1). 

The morphology of the cells is much better preserved than in fixed tissue 


sections. 
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The volume is sufficient so that any of the quantitative methods of 
hematology, chemistry, bacteriology, or serology which may be done on blood 
may be done on these cultures. We have already performed the following 
quantitative procedures on such cultures: erythrocyte count, hemoglobin 
estimation, total nucleated cell count, differential cell count, reticulocyte count 
peroxidase stain, studies of cell motility in supravital preparations, quantita- 
tive studies of phagocytosis, counts of mitoses with and without colchicine, 
quantitative determinations of dextrose, urea nitrogen, sulfanilamide, pour 
plate colony counts, and comparisons of different types and concentrations 
of antisera. The quantitative procedures used are those® with which any well- 
trained technician is familiar. 

















— 





Fig. 2.—Tumor cells from a two-day-old culture of ascitic fluid from a patient with a very 
anaplastic carcinoma of the stomach. Wright's stain 1,800. 

The vaccine vial technique is extremely simple, requiring no apparatus 
not present in a well-equipped laboratory. Most of the manipulations are done 
with syringe and needle through vaccine vial caps sterilized with 70 per cent 
aleohol, so that undesired bacterial contaminations are rare. 

A type of control is possible which is not attainable in animal experimenta- 
tion or clinical investigation, since the culture may be thoroughly mixed in one 
vial after adding the noxious agent under investigation, and then equal volumes 
transferred to each of 5 to 8 vials. One of these is left as a control, and to the 
others, varying concentrations of the therapeutic agent under investigation 
may be added. One can be certain then that there are actually in each vial 
the same number of each type of cell, the same quantity of identical medium, 
and the same concentration of the noxious agent, something which one never 
‘an be sure of in animal experimentation or clinical investigation. 

The variables of absorption and excretion, inherent in animal experimenta 
tion and elinical investigation, are not present, so that by measuring the 
amount of the therapeutic agent introduced and making a quantitative de- 
termination of it at the end of the experiment, one can be certain of the actual 
level maintained. 
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A measured, thoroughly representative sample may be removed at any 
desired interval for quantitative study without harming the remainder of the 
culture. Knowing the total volume of culture from the study of this sample, 
the quantitative characteristics of this culture may be determined. This is 
not possible with any other method of studying living vertebrate tissue. 

By teasing the cells apart in the fluid medium, many tissues from animals 
and man ean undoubtedly be grown by these methods. We have already cul- 
tured human marrow from healthy persons and from patients with many dis- 
eases, normal’ and leucemic blood, lymph nodes, splenic tissue, and cells from an 


anaplastic carcinoma of the stomach (Fig. 2). 





Growth Curves of Beta Hemolytic Streptococci 
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Fig. 3.—Logarithmic growth curves from marrow culture, marrow culture medium, and 
Hartley broth. These media in 3 vaccine vials were inoculated with equal numbers of beta 
hemolytic streptococci, mixed, and each divided equally into 3 vials, one being the control, and 
the other two containing enough sulfanilamide to give concentrations of 1:10,000 and 1:100,000. 
Samples were removed at intervals, and pour plate colony counts were made from suitable dilu- 


> 


tions. In this and subsequent curves, 1 equals 10 colonies per c.c., 2 equals 100 colonies per c.c., 
ete., up to 8 equals 100,000,000 colonies per c.c. , 

Life is readily demonstrable by motility in supravital preparations or by 
phagocytosis a few minutes after addition of a vaccine. 

The medium contains nothing not present in similar concentration in the 
fluid surrounding cells in the human body, and has been demonstrated*® to be 
superior to Tyrode’s or Ringer’s solution for permitting cell division, maturation, 
and functional activity. 

Limitations of These Methods.—As yet it has not been possible to obtain 
unlimited quantities from a single inoculation. Structural relationships are 
not preserved. The method is not suitable for the culture of whole organs. 
The interaction of the various organs and tissues on each other cannot be dupli- 
cated as in the intact animal. Substances which prove nontoxic for the cells 
investigated may be toxie for other types of body cells. 
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With the techniques at present in use, the cultures show deterioration after 
one to three weeks, although living cells have been found at fifty days. The 
method must, therefore, be further perfected before experiments lasting more 
than one or two weeks can be given quantitative interpretation. The extent 
to which results obtained in marrow cultures will be duplicated in the body 
remains to be determined, although results so far obtained appear to show close 
correlation. It is unlikely that the medium contains everything present in 
normal tissue in the same concentrations. The cord serum or marrow from 
different sources may vary so that conclusions should be drawn only from experi- 
ments in which the controls have actually been mixed in the same vial with the 
eultures with which they are compared. 





| Growth Curves of Beta Hemolytic Streptococci in Marrow Culture 
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Fig. 4.—Logarithmic growth curves of experiments 168 and 169. These curves were 
plotted from pour plate colony counts made at the indicated intervals. In each experiment the 
cultures were mixed in 1 vial after inoculation with beta hemolytic streptococci, and then equal 
volumes were placed in each of 4 vials, 1 of which was left as a control: to another, 1:10,000 
sulfanilamide, that is, 10 mg. per 100 c.c., was added; to a third, prontosil soluble in a con- 
centration of 34 mg. per 100 c.c. was added; and to the fourth, P. S. 386 or prontylin maltosice 
was added in a concentration of 30 mg. per 100 ¢.c. These quantities were calculated so that 
if all the theoretically possible amounts of sulfanilamide were derived from the prontosil 
soluble and prontylin maltoside the concentration of sulfanilamide would be 1:10,000. 

The services of a full-time technician skilled in hematology and bacteriology 
are essential. 

Experiments Illustrating the Usefulness of the Methods.—The growth curves 
in Fig. 3 are derived from the data in Table II from the report on the mode 
of action of sulfanilamide on the beta hemolytic streptocoecus.? They illustrate 
the possibility of comparing controls with different concentrations of the 
therapeutic agent, in this ease, sulfanilamide; of following quantitatively the 
effects on the noxious agent over a period of time; and of segregating the effects 
of cells from the effects of serum. To date no research or clinical data have 
been found which eannot be explained by the conclusions on the action of sul- 
fanilamide derived from this study. 
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The growth curves in Figs. 4 and 5 have not heretofore been published. 
They illustrate the possibility of quantitative comparison of different ther- 
apeutic agents on the same noxious agent. In animal experimentation, directed 
to the solution of the same problem, errors might be due to failure of the par- 
ticular species to release sulfanilamide from the more complex compounds. This 
release occurs in the human body and in these cultures. Errors might be due 
to giving only 1 to 3 doses a day which would give an intermittent high eon- 
centration instead of the uniform low concentration readily proved to be neces- 
sary by the marrow culture method. Therefore, a slowly absorbed or excreted 
compound might appear superior to a more effective compound given at too in- 
frequent intervals to maintain a uniform concentration. 

TABLE I 
COMPARISON OF THE EFFECTS OF Type I ANTIPNEUMOcCOCCUS RABBIT SERUM AND 1:10,000 
SULFANILAMIDE WITH THE SAME DOSE OF ANTISERUM ON Type I PNEUMOcOCCUS 


INFECTIONS IN MARROW CULTURES* 


HOURS 0 1S 24 43 70 


Antiserum, 2.5 units per ¢.c. 6 2500 30,000 175,000 100,000 

Antiserum, 2.5 units per ¢.c, 6 10 30 15 4,000 
plus sulfanilamide 

Antiserum, 12.5 units per e.e. 6 60 1,300 35,000 15,000 


Antiserum, 12.5 units per ¢.c. 2) 0) 0 0 


plus sulfanilamide 
*The control cultures and the cultures containing 1-10,000 sulfanilamide alone uniformly 
reached counts of 10,000,000 to over 100,000,000 per c.c. within twenty-four to thirty-six hours, 
the controls reaching these levels six to twelve hours before the cultures containing sulfanil- 
amide. 


Quantitative studies on the comparative action of sulfanilamide and anti- 
pheumococcus serum on the type | pneumococcus,'” from which Table I is taken, 
illustrate the possibility of studying the interaction of varying concentrations of 
two different therapeutie agents on the same noxious agent. Similar studies on 
the type II pneumococeus, not heretofore reported, are given in the growth 
curves in Fig. 6. Note how definitely this shows the superiority of combinations 
of sulfanilamide and antipneumococcus serum over the same concentrations of 
either alone. To obtain this information by clinical investigation, it would have 
heen necessary to study hundreds of cases of the same type of pneumococcus 
pneumonia during one season, with treatment begun on the same day of the 
disease, and identical except for the use of specific antiserum or sulfanilamide. 
These would have to be divided into at least four unselected groups for 
therapy: controls, those given sulfanilamide alone, those given antipneumo- 
coeeus serum alone, and those given both sulfanilamide and antipneumocoecus 
serum. Even then there would be many variables of size of the infecting dose, 
virulence of the organism, race, age, sex, heredity, aleoholism, syphilis, ete., not 
adequately controlled as in the marrow culture experiments. Furthermore, the 
controls and those treated with sulfanilamide alone would probably have had a 
higher mortality than those treated with adequate amounts of antiserum as at 
present, so that some lives would have been lost unnecessarily. One would even 
then not know if smaller amounts of antiserum might justifiably be tried with 
sulfanilamide. It will still be necessary to study a large series of patients with 
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Comparison of Sulfanjamide and Diseptal on Infections with Beta 
Hemolytic Streptococci 
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Fig. 5.—These logarithmic growth curves were derived from experiments performed in 
the same manner as those in Fig. 4. The actual concentration of diseptal was 10.3 mg. per 100 
c.c. Although diseptal is effective, it is apparently not as effective as sulfanilamide, and the 
manufacturers have withdrawn it from clinical use because of its tendency to produce 
polyneuritis. 
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Fig. 6.—These logarithmic growth curves were obtained in a similar manner to those for 
the type I pneumococcus.’ Sulfanilamide plus antiserum is far more effective than the cor- 
responding concentrations of either alone. The chief differences from the type I pneumococcus 
experiments are that type II pneumococci multiply more rapidly and reach a_ higher count in the 
controls: sulfanilamide alone is slightly more effective than against type I; and type specific 
antiserum is slightly less effective than in the type I experiments. 
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pneumonia, alternating antiserum alone with antiserum plus sulfanilamide. 
With this work, however, as a guide definite information ought to be derived 
much more quickly. Such studies are already in progress,'! and at present ap- 
pear to be corroborating our conclusion: that for the effective action of sul- 
fanilamide, specifie bactericidins must be present, be introduced, or be de- 
veloped. 


PROBLEMS WHICH SHOULD BE INVESTIGATED BY THESE METHODS 


Problems in many fields of medicine offer promise of solution by these mar- 
row culture methods. Only actual trial will determine whether any of them 
may be solved. A few are here listed as examples of the type of investigation 
to which we feel this method is suited. Many others will occur to anyone who 
studies the possibilities of the methods. 

Metabolism. Studies should be made of the effects of variation in oxygen 
or carbon dioxide tension, temperature, and of excess or deficiency of each 
hormone, vitamin, mineral, amino acid, ete. 

Hematology. Studies should be made of the histogenesis of the cells,!* 
the growth characteristics of marrow from each disease, the effects of therapeutic 
agents on marrow from each disease, the effects of serum from patients with 
blood dyscrasias on normal marrow, ete. 

) Malignancy. The effects of carcinogenic agents on normal cells, and of 
alpha, beta, and gamma rays, arsenic, ete., on leucemie or malignant cells should 
be investigated. 

Therapeutics. Studies should be made of the effects of sulfanilamide and re- 
lated compounds on every known microorganism ; of the effects of antipernicious 
anemia principle on pernicious anemia marrow, of iron on the marrow of hypo- 
chromie microeytic anemia; and of the effects of toxins, such as lead, benzol, 
aminopyrine, ete. 

Bacteriology. The course of infections with each known microorganism, 
and the influence on this course of drugs and biologie and physical agents should 
be investigated. Attempts should be made to grow Treponema pallidum, viruses, 
and other organisms difficult to grow outside the human body. 

Immunology. Antibody production, allergy, the effects of antisera, anti- 
toxins, and bacteriostatic or antiseptic agents on infections with each known 
microorganism should be studied. Possibly, improved methods of standard- 
izing biologicals could be developed. 

Parasitology. Attempts should be made to culture malaria, amoebae, 
trypanosomes, and other parasites difficult to grow outside the human body, 
and studies made of the effects of therapeutic agents on these parasites. 


CONCLUSIONS 


These tissue culture methods should prove a valuable supplement to animal 


“i experimentation as a guide to clinical investigation, and should be of value in 
1s research in many fields of medicine and biology. Illustrative studies herein 
it . . . . . 

lc reported indicate that the action of prontosil soluble, diseptal, and prontylin 


maltoside could be explained by the amount of sulfanilamide released, and that 
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these compounds are less effective than equivalent amounts of sulfanilamide it- 
self. These studies also indicate that in pneumococcie infections sulfanilamide 





plus type specific antipneumococcus serum should be more effective than either 
alone or than much larger doses of antipneumococcus serum alone. 


We are indebted to the Winthrop Chemical Co., Inc., for supplying us with the prontosil 
soluble, prontylin maltoside, and diseptal used in these experiments, 

Ve also wish to thank Eli Lilly & Co. for kindly supplying us with the types I and 
II antipneumococcus sera used in this study. 
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A SIMPLIFIED METHOD FOR CONTINUOUS INTRAVENOUS 
INJECTION INTO SMALL ANIMALS?* 


C. ARTHUR WOoOERNER, PH.D., Cuicagco, ILL. 


INTRODUCTION 


HIS method of continuous injection into small animals was developed in 

connection with a series of experiments to determine the effects of con- 
tinuous intravenous injection of dextrose on the eytologic constituents of the 
cells of the islands of Langerhans (Woerner, 1938). The guinea pig was used 
because of the extensive studies that have been made on the cytology of the 
islands of Langerhans in the pancreas of the guinea pie by R. R. Bensley. 
Continuous injection methods have been developed by Woodyatt (1920) and 
modified by Colwell (1930), Jacobs (1931), and Soskin (1933) which have been 
very successfully used on the dog for periods of many days. The method de- 
scribed in this paper has been used on the guinea pig for periods as long as 
twenty-eight days. 

The use of small animals has several advantages. In injecting a given 
quantity of a substance per unit of body weight, much smaller quantities are 
used. <As, for example, to inject 1 gm. per ke. of body weight in a 10 kg. 
dog, 10 em. are needed, while to inject 1 gm. per kg. of body weight in a 
500 gm. guinea pig, 0.6 gm. are used. With the method described in this 
paper it is possible to inject as many as three to five animals at the same time 
with one machine and, in addition, it requires much less space than is needed 
for dogs. In taking pieces of tissue for histologic and cytologic studies, a 
piece of a given size in the guinea pig represents a larger part-of an organ 
than would be the case when using a larger animal. Since methods of blood 
analysis are available, requiring samples as small as 0.1 ¢.¢., many experiments 
can be done which formerly required much larger samples. In the experi- 
ments on the continuous injection of dextrose, blood sugar determinations were 
made using 0.1 ¢.c. samples (Miller and Van Slyke, 1936). Basal metabolic 
rates can also be determined (Cole and Womack, 1934). 

Preparation of Apparatus.—The continuous injection machine is driven by 
a synchronous electric motor and can be made to hold as many as 5 syringes 

Fig. 1). The machine was so made that, with the dog ¢ moving one tooth of 
the ratchet gear d per revolution and the shaft of the motor revolving 2 r.p.m., 
a 50 ¢.c. syringe injects 1 ¢.c. per hour. The eccentric b is mounted so that it 


*From the Department of Anatomy, the University of Chicago. 
Received for publication, July 7, 1938. 
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Fig. 1.—The continuous injection apparatus. A, Viewed from above. B, Viewed from the 
side. C, Viewed from the delivering end. a, Synchronous motor that drives the apparatus at 
a constant rate. The shaft of the motor rotates at 2 r.p.m. b, Eccentric on the shaft of the 
motor. The position of the eccentric can be changed so that the rate of injection can be 
changed. c, Dog activated by the eccentric (b>). d, Ratchet gear activated by the dog (c) 
e, A second dog that keeps the ratchet gear (d) from reversing. f, Screw mounted in the 
center of the ratchet gear (d). g, Bar driven by the screw (f) when the ratchet gear (d) 
is rotated. h, Plunger of 50 c.c. syringe driven by the bar (g). i, 50 cc. syringe. j, Split 
wooden blocks that hold the 50 ¢.c. syringes in place. k, Bolts that hold the blocks (j) to- 
gether. 1, Rubber washers that protect the syringes from breakage. m, Thin rubber pad that 
protects the plungers of the syringes. mn, Safety switch. o, Metal strip placed on the end of 
the screw (f) to contact the safety switch (m). The length of the screw is just enough so that 
the switch will turn off the motor and prevent breaking the syringes should one fail to reset 
the apparatus. p, Guide rods that keep the bar (g) aligned to that the plungers of the 
syringes are driven together. 

Fig. 2.—The special glass tip. A, Viewed from above. B, Viewed from the side. C 
Viewed from the front. a, The larger end of the tip that is connected to the rubber tubing 
leading from the continuous injection apparatus. b, The smaller end of the tip that has beer 
drawn small enough to pass into the special rubber tubing, after the special rubber tubing 
has been put into the external jugular vein of the animal. The tip has been bent in thre 
dimensions so that it fits closely to the neck of the animal. 
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can be adjusted to move the gear d 1 to 6 teeth per revolution and inject 1 
to 6 ¢.c. per hour with each syringe. With the machine set to inject 2 e¢.e. 
per hour per syringe, different rates can be produced by connecting the tub- 
ing from more than one syringe together and inject 2, 4, or 6 ¢.e. per hour 


without the machine requiring attention more than onee in twenty-four hours. 














re re ¥ e). 
\ \ ¢ 
d d d an Siam aomm all A | rr | 
aH — 
- or — ——+t } 
JC aster) Pease’ 
“a 
J 7 : - al ladies T T TT 
f ttt Se | mt 
it f = 0 Cc a a os 
C Hb : A 
, aI se 
= ary 
Ai CNG o> Tt 
th aA @o-- Logi 
¢ 
( : N) 9 =H - af 
ye | 
| ; }} 
C+ l | }/ j 7] 
] 
j c}/ CH/ H 
Cy | 
railed Ht ae +t 
rat Se Tin oom gon 
+—+ dai + ae e WT my Heat 4 
" SERRet eeu Liat | jai t waren 
=| lS pamnd ++ 4 sii) + 4+ an 
evi / As 4 tot Ht EH 
J) ft 


Xx 





Lal \ A OAT otto . rittj gets; x i 
\ At SEE —y ——-— ——— “T 
y \ 46 \ J ‘4 oF ra 


DK AK 
na or dl a | | 
erry | #§ | | al cll aa 


> 


Fig. 3.—The cages. A, Viewed from above. B, Viewed from side. C, Viewed from end. 
a, Cage in which guinea pig is confined. b, Metal tray in which food is placed. c, Glass and 
rubber tubing leading from injection apparatus to the animal. d, Bottle containing solution to 
be injected. e, Calcium chloride tube filled with cotton to prevent contamination of solution. 
f, The continuous injection apparatus. g, Bottle in which the urine is collected for analysis. 
h, Clamp on tube leading to solution bottle when machine is injecting. i, Clamp on tube 
leading to animal that is closed when syringes are being refilled from the bottle (d). 


9 | 9 


The glass tubing, 144 inch in diameter, is bent in the shapes required as 
indicated in the drawings of Figs. 2 and 4. The specially bent glass tip, that 
connects the larger rubber tubing to the small intravenous rubber tubing, is 
drawn so that it is small enough to pass into the intravenous rubber tube and 
bent to fit the neck of the animal. If the injection of the desired substance 
is to be interrupted, a second bottle of saline is attached through a T-tube. 
The glass and rubber tubing and the syringe are assembled as shown in Fig. 4 
and wrapped in a towel. They are then autoclaved at 15 pounds of steam 
pressure for fifteen minutes. If the solution to be injected is heat stable, it is 
put into the storage bottle and autoclaved at the same time. 
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After the solution and apparatus have cooled, the plunger of the syringe 


is coated with sterile petroleum jelly and the glass tube connected to the storage 


bottle (Fig. 3d and Fig. 4b). The system of tubing and the syringe are then filled 
with solution by manipulating the plunger of the syringe so that all of the 


air is expelled from the system. 


The syringe is then placed in the injection 


apparatus and where two or more animals are to be started at the same time 


this part of the apparatus is assembled for all of the animals before any of 


them are prepared for injection. 
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Insertion of the Intravenous Tube into the Vein of the Animal.—The intra- 
venous rubber tube (described by Jacobs, 1933 and 1934), approximately 8 em. 
long, is put into the external jugular vein. This rubber tubing should be just 
small enough to pass easily through a No. 16 needle. Smaller tubing has been 
found to be unsatisfactory. After shaving the neck of the animal, the skin 


is washed with 70 per cent aleohol. The skin in the midline from the sternum 





Fig. 5.—The 10 c.c. syringe with No. 16 needle and intravenous tube (Jacobs, 1934). 














a. b. 
c d. 
ft. 
e 
e 
e 
i 
Fig. 6.—a, Incision showing external jugular vein exposed with ligature under the vein. 
e b, Incision showing insertion of needle into the vein. c, Incision showing intravenous tube in 
: the vein with needle and ligature removed. d, Incision showing tube sutured to the fascia of the 
4 neck. e, Incision ready to be closed. f, Incision closed with skin clips showing tube coming 


out between two of the skin clips. 
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cephalad for about 5 em. is infiltrated with a 1 per cent solution of procaine 


hydrochloride. An incision is made extending from the sternum cephalad 


about 4 em. The external jugular vein on one side is dissected clean and a 
linen thread is passed under it (Fig. 6a). A 10 ¢.c. Luer syringe, fitted with 
a No. 16 needle into which the intravenous rubber tubing has been previously 
inserted so that the intravenous tube extends almost to the point of the 
needle, is shown in Fig. 5. The tip of the needle is then put into the vein 
(Fig. 6b). Pressure is applied to the vein at the base of the neck, and a 
moderate traction is put on the ligature around the vein. The pressure on 
the vein at the base of the neck is then released, and the intravenous rubber 
tube is forced into the vein by gentle pressure on the plunger of the syringe. 
Care must be taken that not more than 2 or 3 cm. of the tube are put into 
the vein. A gauze pad is then placed over the vein to secure the tubing and 


the needle is withdrawn, leaving 2 or 3 cm. of the tube in the vein (Fig. 6c). 


a. b. c. 
Fig. 7.—a, Neck of the animal with bandage, showing glass tip inserted into the in- 
travenous tube. b, Glass tip ready to be taped to the neck of the animal. c, Animal ready to 
be put into the cage. The injection has already been started. 


At this point a syringe fitted with a No. 20 needle is used to inject a 
small amount of saline into the vein by putting the No. 20 needle into the 
distal end of the intravenous rubber tube. Blood can now be drawn through 
the tube into the syringe if the tube has been properly inserted. The intra- 
venous tube can now be stitched to the fascia of the neck of the animal in 
three different places (Fig. 6d), so that the tube forms a loop and the free 
end points caudad (Fig. 6e). The incision is then closed with skin clips and 
the tube is allowed to pass through the incision between two clips 1.5 to 2.5 em. 
cephalad of the sternum (Fig. 6f). A gauze bandage, slit to permit the in- 
travenous rubber tube to pass through it, is held in place by two tapes, one 
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at the base of the neck and one around the thorax. A small amount of saline 
is then injected through the tube and blood is drawn back into the syringe 
to test the patency of the tube. Another small quantity of saline should now 
be injected to clear out the tube. 

The specially bent glass tip of the injection apparatus can now be put 
into the intravenous tube as shown in Fig. 7a. The glass tip (Fig. 7b) is 
taped securely to the neck of the animal (Fig. 7¢) and the animal placed in 


the cage (Fig. 8). 

















The complete apparatus in operation with three guinea pigs being injected. Each 
het : 


animal is receiving 2 c.c. per hour. 


{n connecting the glass tip with the intravenous rubber tube (Fig. 7a) it is 
necessary, of course, to avoid letting air get into the svstem. This can be done 
if the injection machine is running. When more than one animal is to be 
started at the same time, the clamps Fig. 3: and Fig. 4f should be closed so 
that air in the tip being connected can be expelled and no solution need be 
injected into other animals already in the apparatus. In changing and refilling 
the apparatus care must be taken that the clamps are manipulated so that one 
does not draw blood from the animal back into the tube. When the syringes 
are being refilled, there should be a little pressure in the system. This can 
be produced by having both the clamps (Fig. 34 and 7, and Fig. 4e and f) 
on the tubes and operating the apparatus by hand, after which the clamp on 
the tube leading to the animal can be released. 

The cages (Fig. 3) are made of wire with a mesh of approximately 1% 
inch. They are just high enough so that the animal can stand comfortably, 
and wide enough for the animal to fit into, and yet small enough so that the 
animal cannot turn around or climb up the side of the cage. For guinea pigs 
weighing approximately 500 gm. the cages are made about 8 em. wide, 10 em. 
high, and 30 em. long. A slit is left in the top of the cage to permit the tube 
to pass into the cage (Fig. 3). A small metal dish (Fig. 3b) is fitted into one 
end of the cage for food and a bottle (Fig. 3g) with a funnel and filter paper 


is placed under the other end to collect urine for analysis. 


Figs. 1, 2, and 3 are reproduced with the permission of the Wistar Institute from the Anat. 
Rec. 71: 37-38, 1938, 
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IMBEDDING OF THE SEMINAL FLUID* 
A CONTRIBUTION TO THE STUDY OF THE MORPHOLOGY OF SEMEN 
K. JoEL, M.D., JERUSALEM, PALESTINE 


T WAS possible to obtain a closer insight into the morphology of the semen 
only by the introduetion of staining methods (Moench,' Cary and Hotchkiss,’ 
Stiasny and Generales,* Michael and Joél*). Most of the investigators, however, 
studied the spermatozoa exclusively without considering the cellular factors of 
the semen. Only a few authors, as Fuerbringer and Waldeyer, referred to the 
cells which were found in the semen as ‘‘indifferent’’ testicular cells. Reeently, 
however, Michael and Joél* proved from the study of a large number of seminal 
fluids that the cells found in these fluids were part of spermatogenesis. More- 
over, they could observe the phenomenon of spermiophagia in the vital prepara- 
tion as well as in the smear. In addition, the determination of the number of 
cells, their types, and their nature with simultaneous consideration of number, 
motility, and nature of the spermatozoa, enabled a differential diagnosis to be 
established from the ejaculate between degenerative-regenerative and atrophic 
changes of the testis on the one hand, and the degenerative changes of the 
epididymis on the other. 
The smear method, however, was not sufficient for an exact study of the 
morphology of the semen, and this gave rise to the idea that we could obtain 


clearer pictures of the structure of the cells by imbedding the seminal fluid 


in paraffin. 

The following is a deseription of the method I have worked out: The semen 
used at the most a half to one hour after ejaculation, is centrifuged for twenty 
minutes (at 3000 rotations per minute). The supernatant fluid is poured away 


*From the Laboratory of the Gynecological-Obstetrical Department of the Rothschild 
Hadassah Hospital, Jerusalem. 
Received for publication, August 11, 1938. 





JOEL: IMBEDDING OF SEMINAL FLUID 97] 


and the centrifugate is kept for forty-eight hours in a test tube with 4 per cent 
formalin, which should be changed after twelve and twenty-four hours. The 
ejaculate is now somewhat firmer in shape. The formalin is then decanted, 
0 per cent alcohol is added for twenty-four hours; for the next twenty-four 
hours, 60 per cent aleohol, and so on with increasing concentration, each time 
10 per cent more concentrated for 24 hours, respectively. The absolute alcohol, 
however, is allowed to stand for forty-eight hours, during which period it should 
be changed twice. Now the ejaculate, which formerly seemed to consist of 
crumbs, has been transformed into a uniform mass. 
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Fig. 1.—Smear showing spermatozoa in which head, neck, and tail are distinctly 
recognizable, In addition, there are 5 cells, 3 of which are spermiocytes (S) in different states 
of division; a macrophage (M) and a giant cell (G@) are also present. The smear most distinctly 
shows the contours of the spermatozoa. Oil immersion, magnified 500. 


The preparation should now be put into xylol aleohol in decreasing con- 

centration for one-half to one hour: 
% parts aleohol 4 part xylol 
S parts aleohol + 2 parts xylol 
7 parts aleohol + 3 parts xylol 
6 parts aleohol 4 parts xylol 
parts aleohol + 5 parts xylol 
parts alcohol + 6 parts xylol 
parts aleohol +4 parts xylol 
parts aleohol 4 parts xylol 
part aleohol + 9 parts xylol 

The material is then put into xylol paraffin for half an hour and then 
placed in the ineubator at 58° C. for three hours in soft paraffin with a melting 
point of 54° C., and for three hours longer in hard paraffin with a melting point 
of 60° C. Finally, the semen is imbedded into the same paraffin. 

After this is completed, the block is cut into sections 2 to 3 microns thick, 
if possible as serial sections. The sections are kept in the ineubator for twenty- 
four hours at 38° C. The preparations are stained with haemalum eosin, triacid, 
and iron hematoxylin. 

The advantages of this method are of scientific as well as of practical na- 
ture. On the one hand, this method enables us to gain insight into the finest 
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structure of the spermatozoa as well as the other cellular factors of the ejaculate, 


and it gives a concentrated visual picture of the nuclear matter. On the other 
hand, from a practical aspect, the abundance of cells found in such preparations 
enables therapeutic effects to be studied, since, according to our experience, 
therapeutic effects in the beginning cannot be judged by the spermatozoa them- 
selves but by the regenerative processes of the preliminary cellular stages. 

Moreover, the imbedding method enables the differential diagnosis between 
aspermia and azoospermia to be established. 





wre errs 











Fig. 2.—Imbedded preparation. The tails have been lost owing to centrifugation 
and only the heads are seen, which are smail, round, sometimes comma-snaped (H). The 
photomicrograph demonstrates the presence of abundant cellular substances, particularly cells 
of spermiogenesis. The large cells are macrophages (M); there are, in addition, spermatogonia 
(SG), spermatocytes in the state of quiescence and division (SC and SCM), spermides (SD) 
and giant cells (@). The cellular character of the ejaculate is particularly well demonstrated. 
Oil immersion, magnified 900» 


Aspermia: Absence of spermatozoa and their cellular precursors is pro- 
duced by a high degree of testicular atrophy or by obstruction of the seminal 
canals. The smear, in this ease, does not contain anything but some mucus and 
a few prostate crystals. The paraffin preparation shows the same picture. 

Azoospermia: Absence of spermatozoa, but presence of their early cellular 
forms. This condition is brought about by partial atrophy of the testis. In the 
smear we find some seattered cells of spermiogenesis, but nowhere spermatozoa. 
In the imbedded preparation there are many more cells owing to centrifugation, 
and the morphology of the cells becomes much more obvious. 

These differences in cellular findings, which are very evident in our method, 
help us greatly in differentiating between aspermia and azoospermia. 

The difference between the diagnostic value of the smear, and that of the 
imbedded preparation is made obvious by the enclosed photomicrographs. 
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LAUGHLEN TEST FOR SYPHILIS COMPARED WITH THE 
WASSERMANN AND KAHN* 


Maurice R. Moors, B.A., M.D., C.M., Norwicu, Conn. 


N AUGUST, 1935,’ a new rapid agglutination method was described as a test 


for syphilis. This new procedure was considered to possess numerous out- 


standing advantages.’ It is more rapid and easier to perform. The readings are 


more distinct because they depend upon an agglutination of colored particles 
in an unstained medium, Since it resembles the methods employed in typing 
blood, hospital interns and others are familiar with the technique. As the 
reagent is stable for at least several weeks it is ready for use in emergencies. 
It affords a convenient means of grading the degrees of positivity. Accuracy 
has not been sacrificed to secure speed or simplicity. The test requires only small 
amounts of material. 

These advantages would attract anyone who assumes the responsibilities 
of a clinical laboratory; this is particularly true when one reealls that this 
method was first described on uninactivated sera, a time-saving feature later 
disearded. 

It was decided to compare this test with the Kahn and Kolmer-Wassermann 
tests. 

Two technicians did all the tests in order to keep the personal element of 
difference at a minimum. The reagent was purchased from the Lederle Co., 


TABLE I 


UNINACTIVATED SERUM 


KAHN LAUGHLEN KAHN LAUGHLEN KAHN LAUGHLEN KAHN LAUGHLEN 7 
Pos. 44 s.p.” 64 | Pos. 44 w.p.t 25 |Pos. 4+ Quest. )|Pos. 44 Neg. 
Pos. 34 S.p. 2|Pos. 3 W.p. 0 | Pos. 3+ Quest. Pos. 3+ Neg. 
Quest. S.p. 9 | Quest. W.p. 12 | Quest. Quest. > | Quest. Neg. 
Neg. S.p. 12 | Neg. W.p. 12 | Neg. Quest. | 51 | Neg. Neg. 
Totals 87 49 
*s.p. strongly positive. 
tw.p weakly positive. 


TABLE II 


INACTIVATED SERUM 


KAHN LAUGHLEN KAHN LAUGHLEN | KAHN LAUGHLEN KAHN AUGHLEN 

Pos. 4+ 8.p. 1|Pos. 44 W.p. 5|Pos. 4+ Quest. Pos. 4+ Neg. 

Pos. 34 8.p. 0| Pos. 34 W.p. 1|Pos. 3+ Quest. | |Pos. 34 Neg. 

Quest. 8.p. 0 | Quest. W.p. 1 | Quest. Quest. Quest. Neg. 

Neg. sp. | 4|Neg. W.p. 4 | Neg. Quest. | 2|Neg. Neg. 
Totals | 5| | 11 | 


*From the Laboratory of the William W. Backus Hospital, Norwich. 
Received for publication, September 2, 1938. 
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Was recommended. 


WASS. LAUGHLEN 


Pos. 4 S.p. 50 
Pos. 34 S.p. 2 
Pos. 2 S.p. 2 
Quest. S.p. 0 
Neg. S.p. 2 
Totals 56 
£ Z = 
LR = = 
= i 3 
Pos. 4 Pos. 4 8.p. 
Pos. 3 Pos. 4 S.p. 
Pos, 2 Pos. 4+ | s.p. 
Neg. Pos. 4+ | s.p. 


Pos. 3+ 


Quest. S.p. 


Pos. 4+ | Neg. S.p. 
J . 
Quest. S.p. 


Pos. 2 


Totals 













this work. 
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This is indieated in each table. 


WASS. LAUGHLEN 


Pos. 44 
Pos. 3 
Pos. 24 
Quest. 
Neg. 
L 
L 
$9 | Pos. 44 
1/ Pos. 34 
l 
1 | Quest. 
Neg. 
Neg. 
1! Pos. 44 
1! Pos. 34 
1} Pos, 2 
Quest. 
Neg. 
Quest. 
Pos. 44 
Quest. 
Neg. 
)~) 


Laughlen tests. 


TABLE III 


UNINACTIVATED SERUM 


W.p. 
W.p. 
W.p. 
W.p. 
W.p. 


Pos. 


Pos. 


> 
, 

0 | Pos. 2+ 
‘ 
} 


TABLE LV 


WASS. 
44 


CLINICAL 


LAUGHLEN 


Quest. 
Quest. 
Quest. 
Quest. 
Quest. 


UNINACTIVATED SERUM 


7, 
~ 

Z = 

= = 

se a 
Pos. 4+ | w.p. | 19 
Pos. 4+ | w.p 2 
Pos. 4+ | w.p. 
Pos. 4+ | w.p 
Pos. 34 


Quest. | w.p. 
Quest. W.p. 
Quest. W.p. 


Quest. | w.p.| 2 


l 
W.p. 2 
l 
l 


Quest. | w.p.| 2 


Neg 


g. 
Neg. 
Neg. 


Tables I-IV are divided into 


Laughlen and the Kahn methods. 


Kahn and Laughlen tests. 


definitely negative or questionable. 


w.p l 
W.p. l 
W.p. l 
W.p. i) 

$2 


DISCUSSION 


WASS, 


Pos. $+ 


Pos. 24 


Quest. 
Quest. 
Neg. 

Pos. 3 
Pos. 24 
Neg. 

Pos. 44+ 
Neg. 

Pos. 44 
Pos. 34 


Neg. 


6 
0 


l 


= tnd 

10 

Z 
Pos. 4+ | Quest. 
Pos. 44 Quest. 
Pos. 4 Quest. 
Pos. 4+ | Quest. 
Pos. 4 Quest. 
Pos. 34 Quest. 
Pos. 34 Quest. 
Pos. 3 Quest. 
Quest. Quest. 
Quest. | Quest. 
Neg. Quest. 
Neg. Quest. 
Neg. Quest. 


MEDICINE 


WASS. 
Pos. 44 
Pos. 34 


Pos. 24 


1 | Quest. 


Neg. 


LAUGHLEN 


0 
0 


10 


Neg. 


Ne 
Ne 
Ne 
Ne 


LAUGHLEN 


I2 TS ws JS 































New York, and the instructions submitted with the antigen were regarded eare- 


fully. At first we were advised to use uninactivated serum; later inactivation 


columns based upon the practical values of 


Four hundred and fourteen uninactivated sera (Table I) were tested by the 


The bloods were from new admission cases 


for diagnosis and treatment control patients. 


the Kahn; and a definitely positive reaction with the Laughlen. 


21.98 per cent (91) gave a definitely positive reaction with the Kahn and 


60.5 per cent (250) gave a definitely negative or questionable reaction with the 


10.86 per cent (45) gave a definitely negative or questionable reaction with 


7.2 per cent (28) gave the Kahn definitely positive and the Laughlen 
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These figures show that the two tests agree in 82 per cent of the series; and 
an 1S per cent error by the Laughlen, if we are to accept the time-honored Kahn 
tests as a substandard. 

It was while our work was being done that we were advised to inactivate 
the serum. The introduction of this step automatically canceled the one great 
advantage of the Laughlen test. Hlowever, it was decided to run a smaller series 
on inactivated serum; 130 sera (Table IL) were tested, and these were obtained 
from new admission patients. 


0.58 per cent (7) shows the Kahn and Laughlen definitely positive. 

S4.6 per cent (110) shows the Kahn and Laughlen questionable or negative. 

6.9 per cent (9) shows the Kaln as negative and the Laughlen definitely 
positive. 

3.07 per cent (4) shows the Kahn definitely positive and the Laughlen 


questionable or negative. 


The accuracy of the Laughlen test, as here judged by the Kahn, was in- 
creased by inactivating the sera. The two tests gave the same reactions in 90 
per cent and definitely disagreed in 10 per cent of the tests. This is an im- 
provement of S per cent over the uninactivated series. 


184 sera (Table ILL) were submitted to the Kolmer-Wassermann and Laugh 
len tests, using uninactivated serum for the agglutination test. 

12.9 per cent (79) showed the Wassermann and Laughlen definitely posi 
tive, 

7.06 per cent (13) showed the Wassermann questionable or negative and 
the Laughlen definitely positive. 

13.5 per cent (25) showed the Wassermann definitely positive and the 
Laughlen questionable or negative. 

56.4 per cent (67) showed the Wassermann and Laughlen questionable or 


negative. 


In comparison with the Wassermann reaction, the Laughlen test was 
erroneous in 20.56 per cent of 184 tests. 

A series of 189 sera (Table IV) were tested by the Wassermann, Kahn, and 
Laughlen tests, using uninactivated serum for the Laughlen. 


3S per cent (72) gave the Wassermann, Kahn, and Laughlen definitely posi 
tive. 

10.05 per cent (19) gave the Wassermann and Kahn definitely positive and 
the Laughlen as questionable or negative. 

5.17 per cent (6) gave the Wassermann questionable, the Kahn definitely 
positive, and the Laughlen definitely positive. 

2.1 per cent (4) gave the Wassermann questionable, the Kahn definitely 
positive, and the Laughlen questionable or negative. 

4.2 per cent (8) gave the Wassermann positive, the Kahn negative or 
questionable, and the Laughlen definitely positive. 

2.6 per cent (5) gave the Wassermann positive, the Kahn negative or ques 
tionable, and the Laughlen questionable or negative. 

5.8 per cent (11) gave the Wassermann and the Kahn negative or question- 
able, and the Laughlen definitely positive. 

33.8 per cent (64) gave the Wassermann negative or questionable, the Kahn 

and Laughlen negative or questionable. 
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Table IV shows the Wassermann, Kahn, and Laughlen tests agreeing in 71.5 
per cent (136 sera) ; in 15.87 per cent (30 sera) the Wassermann and Kahn have 
the same reaction, and the Laughlen test is definitely disagreeing with both. The 
other 12.33 per cent (23 sera) gives varied findings as tabulated, and their 


numbers are too few to be considered valuable. 


SUMMARY 


The Laughlen test, carried out in uninactivated sera, shows an error of 15.06 
per cent compared with the Kahn; of 20.56 per cent compared with the Kolmer- 
Wassermann, and of 15.87 per cent compared with the Kolmer-Wassermann 
and Kahn. On inactivated sera compared with the Kahn there was an error 
of 10 per cent. 

CONCLUSION 


The Laughlen agglutination test for syphilis compared with the Kolmer- 
Wassermann and Kahn shows results too erroneous to justify the recommenda- 
tions of its use in its present form. 
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MICROMETHODS FOR THE QUANTITATIVE ANALYSIS OF 
URINARY CALCULI* 


HreERMAN Brown, B.S., PHILADELPHIA, PA. 


[* THE course of an investigation into the composition of the various strata 
of urinary calculi, the need was felt for a scheme of analyses which would 
yield quantitative data when working with very small samples. Not only are 
some urethral and ureteral stones quite small, but when attempts were made 
to secure quantitative data on the nucleus and shell separately, the usual macro 
methods were found to be inapplicable to the amounts of material available. 

In the methods detailed in this paper recourse was had to the principles 
involved in blood chemistry. These adaptations of existing blood micro 
methods were checked against the usual macromethods, using mostly vesica! 
ealeuli which are usually large enough to provide sufficient material. In gen 
eral, the agreement was quite good; differences greater than 2 per cent were 
the exception rather than the rule. The scheme outlined below has the fo! 
lowing advantages over the usual macromethods: (1) Speed; in a laborator 
in which an eight cup centrifuge is available, eight samples may be quant 
tatively analyzed for calcium, magnesium, total nitrogen, ammonium, phos 
phorus, urie acid, oxalic acid, creatinine, and carbonic acid is less than thre 
days. (2) Convenience; all the reagents, standards, and apparatus in commo 
use in the average biochemical laboratory may be used without modificatio) 


*From the Research Institute of Cutaneous Medicine, Philadelphia. 
Received for publication, September 8, 1938. 
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Only a recalculation of the standard equivalents from element to anhydride is 
necessary. (3) The above nine determinations may be made on a 50 mg. 
sample if an ordinary analytical balance is used. If a microbalance is avail- 
able, much smaller samples can be used. 

Preparation of Sample.—The various layers of many urinary caleuli may 
readily be separated from each other and from the nucleus by manipulation 
with forceps and scissors. To cut the larger stones, a small bone-cutting saw 
is of advantage. In those calculi in which the various layers are poorly de- 
fined a good sample of the outer layer may be obtained by simply scraping 
the outer surface, and the sample corresponding to the nucleus obtained by 
digging out a small portion from the approximate center of the cut surfaces 
Loss of sample will be avoided if the stone be tightly wrapped in white paper 
before sawing. Each sample is ground to a fine powder in a mortar. 

Moisture.—The powdered sample is weighed in a small tarred test tube and 
dried in an oven overnight at 104° to 105° C. The loss in weight represents 
moisture, 

Calcium Oxcide.—Twelve and a half milligrams of dried powder are placed 
in a pyrex test tube (100 by 25 mm.), and 0.8 ¢.c. concentrated sulfuric 
acid is added. The test tube is then heated over a microburner until maxi- 
mum charring is attained, it is then allowed to cool somewhat, and 3 to 5 drops 
of superoxol are cautiously added. Heating is then continued until a water- 
clear solution is obtained. The entire digestion requires about three minutes. 
The contents of the tube is then transferred quantitatively to a 25 ¢.¢. volu- 
metric flask, made up to the mark with distilled water, and mixed. 

To 5 «ec. of the solution in a 50 ¢.c. conical centrifuge tube are added, in 


order, 1 ¢.c. of 4 per cent ammonium oxalate, 3 drops of methyl red, strong 
ammonia water to faint alkalinity, and 5 per cent acetic acid to faint acidity. 
After standing two hours the precipitate is centrifuged down and the super- 
natant solution is carefully poured into another 50 ¢.c. conical centrifuge tube 
to be used in the magnesium determination. In transferring this solution, the 
tube is allowed to drain a moment and the tip rinsed into the other centrifuge 
tube by means of a fine stream of water from the wash bottle. The precipitate 
of calcium oxalate is washed and titrated after the manner of Clark and 
Collip.!. Titration may be carried out directly in the centrifuge tube after 
Glution in normal sulfuric acid (1 ¢.¢. 0.01 N KMnO, = 0.28 me. CaO). (The 
percentage calcium oxide in dried powder equals number cubic centimeters of 
C.01 normal potassium permanganate times 11.2.) 

Magnesium Oxride.—To the supernatant solution from the calcium deter- 
mination is added 1 ¢.e. of 5 per cent ammonium phosphate, strong ammonia 
water dropwise to alkalinity, and then 0.5 ¢.c. in excess. The centrifuge tube 
is allowed to remain overnight and then treated according to the Denis? method 
for blood magnesium. The magnesium standard for blood containing 0.02 mg. 
cf magnesium per 10 ¢.c. is equivalent to 0.0331 mg. magnesium oxide per 10 ¢.e. 
Colorimeter settings may have to be varied somewhat to accommodate the vary- 
ing amounts of magnesium in the caleuli, but we have found that the magnesium 
content of the majority of calculi comes within the color range of this standard, 
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Phosphorous Pentoride—The method of Fiske and Subbarow* is applied 
to 1 «ec. of the above acid digest. This is placed in a test tube graduated at 
10 ¢.c., diluted with about 4 ¢.c. of water, and treated exactly as a blood filtrate. 
The blood phosphate standard commonly used (5 e¢.c. 0.4 mg. phosphorus) is 
equivalent to 0.914 mg. phosphorous pentoxide per 5 ¢.c. The color range with 
this method is closely proportional to the phosphorous content, and the 1 ec. 
sample used permits the phosphorous determination of widely varying samples 
without repeating on more or less sample. 

Total Nitrogen.—Other than ammonium salts the determination of total 
nitrogen is roughly a measure of the amount of uric acid to be expected and is 
helpful in determining the amount of urie acid standard to use in the latter 
determination. The total nitrogen is determined on a 5 e¢.c. sample of the 
above digest which is carefully neutralized to remove interfering phosphates 
(centrifuge) and treated exactly as in the ammonium nitrogen determination 
described below. It is of advantage to run both determinations simultane- 
ously, since the same standard ammonium sulfate solution suffices for both tests. 

Uric Acid.—To 12.5 mg. of dried stone powder in a 50 ¢.c. test tube, are 
added about 40 ¢.c. of 0.2 per cent lithium carbonate and the contents heated on 
a steam bath for one hour, with occasional shaking. The solution is filtered 
hot into a 50 ¢.c. volumetric flask, the test tube being rinsed with a little hot 
water. The filtrate is allowed to cool and made up to the mark with water. 
One cubic centimeter is used for the determination, being diluted to 15 ¢.c. 
with water, and followed by Brown’s* procedure. The usual urie acid blood 
standard is used from which three comparison standards are prepared using 
5, 10, and 15 e.c. of standard solution. These standards cover a uric acid 
content equivalent to 5-60 per cent of the calculi, a range which will cover 
nearly all stones. If stronger colors are encountered, the test may be repeated 
using 0.5 ¢.c. of the above filtrate. 

Oxralate.—Twelve and a half milligrams of dried stone powder are heated 
on the steam bath with about 20 ¢.c. of approximately normal sulfuric acid. 
After one to two hours’ digestion, the solution is filtered hot into a 25 c.c. 
volumetric flask, and the undissolved portion washed with a little hot water. 
The filtrate is cooled to room temperature and diluted to the mark. In the 
absence of uric acid the oxalate in the filtrate is determined directly. Five 
cubic centimeters of filtrate are warmed to 60°-80° C. and titrated with 0.01 
N potassium permanganate (1 ¢.c. of 0.01 N KMnO, = 0.36 me. C2O0,). Be 
cause of the reducing action of uric acid on potassium permanganate, it is 
better to remove the oxalate as calcium oxalate if much urie acid is present 
Five cubic centimeters of filtrate in a 50 ¢.c. centrifuge tube are neutralized 
and made acid with acetic acid as in the calcium determination previousl) 
outlined, and the oxalate precipitated by the addition of 0.5 ¢.c. of 10 pe 
cent calcium chloride. After standing two hours the precipitate is treated 
exactly as in the calcium determination, except that the factor for oxalate is 
used in the calculation. 

Ammonium.—Fifteen cubic centimeters of the above normal acid extract 
are placed in a 25 ¢.c. graduated cylinder and carefully neutralized with 10 pe: 
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cent sodium hydroxide. Water is added to the 20 ¢.¢. mark, and the precipi- 
tate (phosphate) removed by centrifuging. Ten cubie centimeters of the clear 
supernatant fluid (equivalent to 7.5 ¢.¢. of original filtrate) are placed in a 
50 ¢.c. volumetric flask, about 20 ¢.c. of water and 2 drops of 1 per cent gum 
ehatti are added, and then 5 ¢.c. of Nessler’s solution.” Dilute to the mark 
and compare the resulting color with that produced by 3 ¢.c. of the usual 
ammonium sulfate standard’ in a 100 ¢.c. volumetric flask which has been 
simultaneously treated with 10 ¢.c. of Nessler’s solution (3 ¢.¢. ammonium 
sulfate standard 0.3 me. of N or 0.386 NI.). 

Creatinine.—Pour the remainder of the above supernatant fluid into a 25 
cc. graduated mixing cylinder and dilute to 10 «ee. Add 5 ec. of Jaffe’s 
reagent,® mix, and compare after fifteen minutes with 10 ¢.c. of water to 
which has been added 5 ¢.c. of alkaline picrate. [If the unknown exhibits more 
color than that produced by the alkaline picrate in water, then the creatinine 
present is determined by colorimetric comparison with a standard creatinine 
solution simultaneously treated with alkaline picrate, exactly as in the blood 
creatinine determination.® 

Carbonate.—Since many caleuli have been found free of carbonate, a quali- 
tative test is first made: A few grains of powdered stone are suspended in a 
drop of water on a microscope slide, covered with a cover glass and, while being 
observed through the low-power objective, a drop of hydrochlorie acid is 
placed at one edge of the cover g@lass. <As the acid seeps under the cover- 
vlass, bubbles of gas will be seen to form if carbonate is present. To deter- 
mine the amount of carbonate present, the following method, a modification 
of Neweomb’s,! is utilized. 

A long-stemmed open end bell-shaped separatory funnel, having a well- 
fitting tap (Fig. 1), is used. The 50 ¢.c. size has a stem of sufficient size and 
bore (about 300 by 5 mm.). Beginning with the stopcock end, the stem is 
vraduated into cubic centimeters which are then subdivided into tenths. A 
stem of the above size can be graduated into 5 ¢.c. with the subdivisions suffi- 
ciently spaced, readily to permit of estimations to 0.05 ¢.¢. The stem is con- 
nected by means of a length of nitrometer tubing to a straight adapter which 
is used in place of the conventional leveling bulb. The use of an adapter 
makes for more accurate adjustment of the mercury level. By means of a 
copper wire fixed to the adapter its height may be easily and accurately ad- 
Justed and fixed by simply wrapping the loose end of the copper wire around 
a ring stand clamp. 

The omly other piece of equipment needed is a small capsule used for 
introducing the sample. This is readily made from a piece of 10 mm. thin- 
walled glass tubing. The tubing is collapsed in the flame about 2 em. from 
one end, and the glass then drawn down sufficiently small to fit into the bore 
of the stopcock (Fig. 1A). 

The leveling bulb is filled with enough mereury to allow some overflow 


above the stopcock of the separatory funnel. About 10 mg. of stone powder 
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are accurately weighed into the tared capsule, the powder being placed on 
the side forming the shoulder. The tap of the separatory funnel is opened, 
and the mercury level is adjusted so that the mercury is about 0.2 ¢.c. below 
the level of the tap. The separatory funnel is clamped at an angle of about 
15° to the vertical. The drawn out end of the capsule is carefully inserted 
into the bore of the stopcock, the separatory funnel is reset to a vertical posi- 
tion, and the sample of powdered stone introduced into the stem by gentle 


tapping and prodding with a fine platinum wire. After most of the powder 
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Fig. 1.—Separatory funnel with graduated stem used in determination of carbon dioxide in 
small amounts of powdered sample. The capsule for introducing the sample is shown at A. 
has been introduced, the capsule with the adherent powder is withdrawn and 
reweighed. Sufficient distilled water is now added to fill the bore of the stop- 
cock, the latter closed, and the excess water Crawn off. About 0.3 ¢.c. of 1:1 
hydrochloric acid is now placed in the funnel above the stopeock and the 
mercury level lowered about 0.5 ¢.c. The stopcock is cautiously opened to 
allow about 0.2 ¢.c. of acid to run into the stem, after which it is quickly 
closed. The gas as it is liberated is maintained under approximately atmos- 
pherie pressure by lowering the leveling bulb so that the mercury levels are 
always nearly the same. After completion of the reaction, the acid water in 
the stem is saturated with carbon dioxide by manipulating the leveling bulb 
to produce an alternate rise and fall of the mercury level in the stem of 0.5 
to 1.0 ¢.¢. The leveling bulb is then adjusted so that the gas in the stem is 


brought to atmospheric pressure and the volumes of both gas and liquid are 
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read off from the stem. The barometric pressure and temperature are noted, 
after which the weight of carbon dioxide may be caleulated from the usual 


formula: 


(P_-P’) 
W 0.706 =? < (B+0.85 x A) 
Qi ott 
Where W Weight in milligrams of carbon dioxide 
P Barometric pressure in millimeters 
<i Vapor tension of water at t° ¢. 
t Room temperature in Centigrade 
B Volume of gas in ¢.e, 
A Volume of acid water in ¢.e. 


The value 0.85 represents the average amount of gas dissolved in the acid 
water at usual room temperatures. If the total volume of acid water is kept 
below 0.4 ¢.c., this value may be used over a fairly wide room temperature 
range without introducing any serious error. The weight of carbon dioxide 
may, of course, also be taken directly from standard tables without any eal- 
culation other than that required to determine the amount of carbon dioxide 


dissolved in the acid water, 1.e., O.85 « A. 


CCNCLUSICNS 


A systematic scheme of quantitative analysis of urinary calculi is presented. 

Methods for the determination of calcium, magnesium, total nitrogen, am- 
monium, phosphorus, uric acid, oxalic acid, creatinine, and carbonic acid are 
deseribed. 

These nine determinations may be made on less than 50 mg. of sample with 
materials and reagents ordinarily used in a biochemical laboratory equipped for 
blood chemistry. 
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FURTHER OBSERVATIONS ON THE DETERMINATION 
SULFANILAMIDE IN BLOOD* 





OF 


E. G. Scumiptr, Pu.D., BALTIMORE, Mb. 


N A previous paper! from this laboratory it was shown that the sulfanilamide 

content of tungstic acid blood filtrates can be readily determiised by means 
of sodium-beta-naphthoquinone-4-sulfonate. Further experience with this 
method has revealed the fact that it does not give quantitative recovery in 
that 10 to 15 per cent of the sulfanilamide is lost during deproteinization. 
This loss seems to vary somewhat with the temperature, and ranges from 10 
per cent during warm summer months to about 15 per cent during the winter 
when the room temperature averages about 20° F. lower. We are unable to 
explain why this discrepancy was not observed during the preliminary experi 
mentation. Seudi? has likewise observed a loss of sulfanilamide during the 


removal of blood proteins, 


METHODS 


The data on the new recovery experiments performed during the last 
summer and reported in Table | were secured by adding to 18 ¢.¢. portions 
of pooled, oxalated, human blood, 2 ¢.c. quantities of stock sulfanilamide 
(Winthrop Chemical Co., Inc.) solutions of such strengths as to yield a series 
of bloods containing 2.5 to 20 mg. sulfanilamide per 100 ¢.c. The sulfanil- 
amide-containing bloods were mixed, and four different filtrates, namely, 
tungstic acid filtrate* p-toluenesulfonie acid, trichloracetic acid, and alcoholic 
filtrates of Marshall,4-* were prepared by careful deproteinization of exactly 


3 C.e. portions of blood. 


The tungstic acid filtrates were analyzed by the naphthoquinonesulfonic 
acid method, as previously deseribed by the author.' Since increased acidits 
depresses color production, both standards and filtrate must be at the same 
pH. The addition of one drop of 0.1 normal hydrochlorie acid to each brings 
them to a pH of about 3.2, which seems to constitute a satisfactory reaction 
medium. More than one drop of acid is undesirable. Light destroys the 
quinone reagent, especially in the standards. Hence the colorimetric readings 
should be made within ten minutes after removal from the dark, particular] 
when specimens containing but small quantities of drug are being analyzed 
Ordinary tungstice acid filtrates contain no factor, other than their acidity, 
which might influence color production. Dilution of stock sulfanilamide solu 
tions with equal quantities of either water or control tungstic acid blood 
filtrate, after addition of the acid, always resulted in equal color production 
with the naphthoquinonesulfonie acid reagent. In each case a sample of the 


*From the Department of Biological Chemistry, University of Maryland, School of! 
Medicine, Baltimore. 
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TABLE II 
COMPARATIVE ANALYSIS OF BLOOD OF PATIENTS UNDERGOING SULFANILAMIDE THERAPY 


SULFANILAMIDE FOUND BY MARSHALL’S 
SULFANILAMIDE FOUND BY 


NAPILTILOQUINONI 


METHOD 


CASE ON p-TOLI 
XO. walla ON TRICHLOR ON ALCO SULFONIC ACID METILOD DIAGNOSIS 
FONKC ACID ACETIC ACID HLOL | ON Tl quanta ACID 
in see ane FILTRATES FILTRATES FILTRATES 
mg./100 e.e. mg./100 ec. mg./100 c.c.) mg./100 e.e.|mg./100 e.c.* 
l 17.00 16.7 17.0 15.0 16.67 Meningitis, Streptococ 
cus viridans 
ys 15.7 14.8 16.7 13.04 15.16 Meningitis, Streptoc oc 
cus viridans 
10.26 10.0 L056 9.18 10.2 Undulant fever 
t 10.10 9.6 10.70 S.91 9.9 Undulant fever 
a) 8.17 £2 S.70 7.19 7.99 Bronchopneumonia 
6 6.31 6.25 5.81 6.45 Salpingitis 
7 6.97 6.70 6.15 6.85 Septicemia 
S 6.97 6.60 6.90 6.15 6.85 Empyema 
9 5.94 6.06 5.61 6.25 Pyelitis of pregnancy 
10) 5.62 5.15 5.65 £1.95 5.5 Pyelitis of pregnancy 
11 boo 1.10 $56 £.00 t.44 Pregnancy 
12 3.95 $.86 1.20 3.66 1.07 Pyelitis ~ 


*The obtained value divided by the correction factor 0.9. 


control blood was tested in order to eliminate sulfanilamide contamination. 
It was particularly helpful to discover that a 0.5 per cent solution of sodium- 
beta-naphthoquinone-4-sulfonate (Eastman No. 1372) can be preserved un- 
changed in a stoppered flask for at least a month if kept cold and in the dark. 
A quantity of reagent sufficient for daily use can be prepared by simply dilut- 
ing 1 ¢.c. to 10 ¢.c. with water, thus saving time and material. Obviously, 
since the reagent itself is yellow, the determination will be valueless unless 
both standard and unknown filtrate match each other within 2 mm. in the 
colorimeter. Therefore, unless the approximate value is known in advance, 
several standards must be set up for each determination. 

The diazotization procedures were carried out as outlined by Marshall 
and his co-workers in their various papers.** The blood proteins precipitated 
by the aleohol were filtered off by being passed twice through double filter 
paper. The standard solutions were filtered in a similar manner in order to 
keep this factor constant. In addition, 5 ¢.c. of the aleoholic reagent (1 ©¢.c. 
of activated dimethyl-alpha-naphthylamine in 249 ¢.c¢. alcohol) were used in 
each procedure. In our hands unheated specimens of dimethyl-alpha-naph- 
thylamine (Eastman No. 1060) gave low sulfanilamide values for the p-tolu 
enesulfonie acid (Eastman No. 984) and trichloracetic acid blood filtrates 
because these filtrates tend to retard or inhibit color development. Conse 
quently, color development in the standards was more rapid—hence low 
values were usually obtained. Activation of this reagent by heating, as Mar 
shall® has shown, and the addition of the phosphate buffer and the ammoniun 
sulfanate (La Motte) improved markedly the sulfanilamide recovery.’ Al 
colorimetric readings for these procedures were made about ten minutes afte! 
the addition of the last reagent. Other workers have also used trichloraceti 


acid filtrates for blood sulfanilamide analysis.* ® 
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CONCLUSION AND SUMMARY 


The data in Table I show that good recovery of added sulfanilamide can 
be secured with two of the Marshall procedures, but that the alcoholic filtrate 
method, in our hands at least, frequently gives slightly higher values. The 
data also show that the naphthoquinonesulfonie acid method on tungstice acid 
filtrates yields values which average about 10 per cent too low. Since this 
loss tends to be somewhat higher in cold weather (about 15 per cent), each 
laboratory should probably determine its own correction factor. Our method 
for the determination of sulfanilamide in cerebrospinal fluid has eliminated 
filtrate preparation—hence no correction factor is involved in this procedure.'° 

In Table IT are given data on the comparative analysis of a series of bloods 
from patients undergoing sulfanilamide therapy. It is evident that the values 
obtained by the naphthoquinonesulfonic acid method, when divided by the 
correction factor 6.9, check well with the values obtained by the diazotization 
procedure on the p-toluenesulfonic acid and trichloracetie acid filtrates. Again 


the aleoholie filtrate vields slightly higher values. 
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NOTES ON THE MICROSCOPIC DIAGNOSIS AND CULTURAL 
DIFFERENTIATION OF THE GONOCOCCUS* 


ALFRED Coun, M.D., New York, N. Y. 


HE following report on the microscopic and cultural diagnosis of the 

gonococcus does not claim to present any basically new methods. Its two- 
fold aim is (1) To report a method which simplifies the microscopic examina- 
tion of Gram stained smears containing only a few intracellular gram-negative 
diplococci. (2) To emphasize the use of a 5 per cent horse blood plate as a 
diagnostic aid in differentiating the gonococeus from the meningococcus culture. 

The simple procedure of the microscopic diagnosis of acute untreated 
gonorrhea is well known. However, in cases of subacute and chronic infee- 
tion, with very few intracellular organisms, the diagnosis becomes difficult, 
especially if the Gram method is used with carbolfuchsin as a counterstain. 
Since the color of the microscopic organisms differs only little from that of 
the cytoplasm and the nuclear substance of the leucocytes, single intracellular 
diplocoeci may be overlooked easily, and the microscopic report issued as 
negative. In order to overcome these uncertainties Jacobsthal! recommends 
the use of a second smear stained with methylene green pyronine (Unna Pap- 
penheim). He states that the Gram method is superior for finding gram- 
positive cocci, but inferior in revealing intracellular gram-negative cocci. In 
the event the Unna Pappenheim stain reveals intracellular diplococci, the 
examiner has to check this finding with the Gram stained smear. In addition 
to the Unna Pappenheim a third smear stained with methylene blue 1 :2,000 
has also been used in our laboratory for the same purpose. 

In an attempt to simplify the procedure, to save time and material, an- 
other method has been tried. A 20 per cent solution of trichloracetie acid, 
the use of which was previously recommended by Lanz* in smears stained 
with methylene blue and eosin, evidently replaces the second and third smear 
in subacute and chronic cases. The technical procedure is as follows: The 
material to be examined is taken with a loop from the genital organ and spread 
in a thin and even film on the slide. The smear is allowed to dry in the air 
In lieu of fixing the smear by heat, it is then treated with a 20 per cent solu 
tion of trichloracetic acid for one-half minute, at which time it assumes 
whitish appearance. The acid is washed off with tap water, and the slide is 
dried between layers of absorbent paper. In contrast to the method for Gran 
stain previously described,* 1 per cent aqueous crystal violet, made up from 
saturated alcoholic solution, is used. It was found that if the diluted dye is 
filtered when prepared, it will remain stable for at least two weeks. Aft: 
one minute, the crystal violet is washed with Lugol’s solution (iodine 1, pota 
*From the Bureau of Laboratories, Department of Health, New York. 
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sium iodine 2, distilled water to make 100) until all precipitates have been 
removed. Fresh Lugol’s solution is applied for one minute, and the smear is 
decolorized with 95 per cent ethyl aleohol until the color ceases to run. The 
slide is now rinsed in tap water and blotted. As a counterstain the Ziehl- 
Neelsen carbolfuchsin, diluted 1:10, is used for thirty seconds. After rinsing 
in water and drying, the smear is ready for microscopic examination. 

Comparison of Gram stained smears with and without previous treatment 
of trichloracetic acid shows that the use of the acid makes the mucus and the 
cells transparent. It is, therefore, possible to find single pairs of gram-nega- 
tive cocci more easily within the cellular or nuclear substance. The use of the 
acid in clinical smears does not scem to cause gram-positive microorganisms to 
become gram-negative. It has occasionally been observed, however, that 
smears taken from cultures of streptococei and staphylococci and subjected to 
the treatment of trichloracetic acid have the tendency to lose their gram- 
positivity. Since it is unnecessary to use the acid in smears from cultures, 
this source of confusion may be disregarded. 

The second object of this study is the differentiation of the gonococcus 
culture from that of the meningococceus. The growth and appearance of the 
colonies, the sugar fermentation, the agglutination, and the alkali solubility 
tests are used for this purpose, but unfortunately these criteria do not always 
work satisfactorily. While the gonococeus regularly ferments dextrose ae- 
cording to the method previously described,’ there are a few strains of menin- 
rococe! Which do give a dextrose fermentation but do not affect the maltose. 
The agglutination and the alkali solubility tests do not always show clear-cut 
results. Therefore, a need for an additional differential aid is apparent. For 
this purpose a 5 per cent horse blood plate may be employed, which the gono- 
coccus, as a rule, does not hemolyze, while the meningococeus does after forty- 
eight hours of incubation at 37° C. In a series of many hundreds of examina- 
tions in which gonococei were identified, no hemolysis has been found. How- 
ever, testing 12 meningocoecus strains of different ages (obtained through the 
courtesy of Miss L. Mishulow of the Health Department) showed hemolysis 
after forty-eight hours’ incubation at 37° ©. When washed cells are used in 
preparing the 5 per cent horse blood agar, hemolysis occurs after twenty-four 
hours’ incubation. Rabbit blood, in our limited experiences, is not hemolyzed 
by the meningococeus. 

This hemolyzing quality of the meningococeus was first described by 
Gordon? in 1920, and years later by Levinthal® and Joachimovits.® This ob- 
servation has not been made use of generally. Our laboratory makes it a 
rule to identify a strain as a gonococeus by including culture on the 5 per cent 
orse blood agar plate. A gram-negative diplococeus is identified as a gono- 
coccus when it gives no growth, or only very slight growth, on the first trans- 
fer on plain agar, gives no hemolysis on blood agar, and ferments only 
dextrose. 

SUMMARY 


1. Preliminary treatment of the Gram stain with 20 per cent trichloracetic 


acid is recommended in order to detect single intracellular eram-neeative 


liplococei, 
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2. Five per cent horse blood agar is ene of the media used to differentiate 


the gvonocoeccus and the meningococcus culture. 
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A RAPID METHOD FOR DETERMINING HYPOPROTEINEMIA WITH 
ONE DROP OF SERUM 


JONAS KAMLET, BROOKLYN, N. Y. 


ING has described a rapid method for determining hypoproteinemia by) 

floating a glass bead of specific gravity 1.0245 in serum. If the bead fails 
to sink, a serum protein concentration of less than 6.0 per cent is indicated. 
However, we have found it impossible to purchase or prepare glass beads with 
specific gravities reasonably near to 1.0245 and have, therefore, devised the 
following simple method whereby hypoproteinemia can be determined with 
one drop of serum by a modification of the Hlammerschlag method for deter 
mining the specific gravity of blood. 

A test solution is prepared by transferring 500 ¢.c. of C.P. benzene to an 
amber-colored glass-stoppered bottle and adding 153.3 ¢.e, of C.P. chloroform 
The specific gravity of the mixture is now adjusted to 1.0245 (determined 
with the Westphal Balance) by the addition of a few drops of either com 
ponent. This should be carried out at a temperature of 15° to 20° C. 

To perform the test, a small test tube is filled with the test solution an 
1 drop of freshly obtained serum is allowed to drop on the surface of th 
liquid. If it sinks, or remains stationary near the middle of the tube, t] 
serum contains 6.0 per cent or more of proteins. If the drop remains floatil 
on the surface of the solution, the serum contains less than 6.0 per cent « 
proteins (equivalent to a specific gravity of 1.0245). 


*From the Department of Laboratories, the Israel Zion Hospital, Brooklyn. 
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This test was performed on the sera of 40 patients, 24 of whom were 
clinically edematous, and confirmed by the determination of the total protein 
concentration and the serum albumin-globulin ratio. Qualitative agreement 


was obtained in every case, as may be seen from Table I. 


TABLE ] 


isasiain tani dela. iia TOTAL SERUM PROTEIN ALBUMIN-GLOBULIN 

PER CENT RATIO 

1 Floats 5.525 1.005 
2 Floats 5.034 0.906 
3 Sinks 7.088 1.786 
j Sinks 7.854 1.966 
5 Sinks 7.119 1.665 
6 Sinks 7.246 1.788 
7 Sinks 8.022 L.S94 
S Floats 5.500 1.250 
9 Floats 5.612 1.222 
10 Sinks 6.102 1.568 
11 Sinks 6.118 1.442 
12 Floats 5.990 1.446 
13 Floats 5.724 1.102 
14 Floats 5.446 0.812 
1D Sinks 6.0SS 1.246 
16 Sinks 6.112 1.346 
17 Floats 5.762 0.912 
IS Floats 5.764 1.006 
19 Sinks 6.128 L.S74 
2() Floats 5.903 1.046 
21 Sinks 7.904 1.806 
99 Sinks 7.605 2 P66 
2° Sinks 6.268 2.044 
o4 Sinks 6.182 1.986 
95 Sinks 6.246 1.788 
26 Sinks 6.990 1.794 
27 Floats 5.672 1.166 
98 Floats 5.707 1.096 
29 Floats 5.880 1.246 
20 Sinks 6.680 1.990 
31 Floats 5.912 0.990 
39 Sinks 6.110 1.578 
33 Sinks 6.464 1.788 
34 Sinks 6.550 1.808 
35 Sinks 7.256 2.246 
36 Sinks 7.800 2.556 
37 Floats 5.022 0.611 
38 Sinks 6.660 1.788 
39 Sinks 6.244 1.885 
10) Floats 5.826 1.024 
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TWO NEW FILTERS, 





USING THE SEITZ E, K. STERILIZING PADS 





AARON Brown, M.D., New Yorn, N. Y. 


HOSE who are working in the field of applied immunology are often handi- 


? or 3 ¢.¢.) to sterilize. 


capped when they have very small quantities, Le. | 
To overcome this difficulty, two new types of bacteriologie filters will be found 
valuable in serologic laboratories. 

The smallest Seitz filter now used is one with a capacity of 30 ¢.c. The 
standard filter pad is 35 mm. in diameter, and when saturated will absorb about 


5 ce. of fluid. With only 2 or 3 ¢.c¢. of human serum (for passive transfer 


to be filtered, we cannot pass this amount through without diluting the serum. 
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The microfilter apparatus illustrated in Fig. 1 meets our purpose. It con 
sists of a modified small Seitz filter, having a capacity of only 3 ce. It uses a 
small E. K. pad, 10 mm. in diameter, supported on a wire screen. The filter fits 
into a special glass jar, held in place by a rubber stopper. The filtrate vial is 
attached to the stem of the filter inside the jar and is capped with a steril 
rubber stopper after filtration. The suction tube is in the large stopper. Th: 
entire apparatus is autoclaved as a unit. 

A large filter (Fig. 2), with a capacity of 250 to 300 ¢.c., has been devise: 
This filter takes a regular No. 6 E. K, pad. The tops are interchangeable wit 
a regular No. 6 Seitz screw type filter. This filter will be found useful whe 
larger quantities are to be filtered, as with pollen extracts, stock dusts, dilutin 
fluid, ete. 


*From the Department of Medicine, New York University, College of Medicine. 


We are grateful to the National Surgical Supply Co., New York, who have cooperated 
devising and manufacturing both types of filters illustrated. 
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A MANUAL OF NEUROHISTOLOGIC: TECHNIQUE 


Oscar A. TurRNER, M.D., New HAVEN, CONN. 


(Continued from the May issue, page S87.) 
Cuarrer VIII 
CONNECTIVE TISSUE STAINS 


Connective tissue stains ave useiul to the neuropathologist for the study 
of the proliferation of small vessels, the changes occurring in the walls of 
larger vessels, and particularly for the analysis of the constituent tissues of 
intracranial tumors, Of the various methods available, the following have 
been selected because of the ease with which they are carried out and the 
venerally reliable results thes vive, 

Mallory’s Acid) Fuchsin-Aniline Bluc-Orange G Stain—There are many 
modifications of this method, but the principle remains the same in all. The 
following is most commonly used and gives good results. Zenker-fixed tissue, 
embedded either in paraffin or celloidin, is used. The results on formalin- 
fixed tissue are inferior unless the sections have been treated with mordants 
prior to staining. 

1. Stain sections in 0.5 per cent aqueous acid fuchsin for five 
minutes or longer, depending upon the freshness of the tissue. 
2. Rinse in water. Extended washing will remove the dye from 
the tissue, 

3. Treat in 1 per cent aqueous phosphomolybdic acid for thirty 
seconds to one minute. 

t. Rinse rapidly in water. 


5. Stain for two to twenty minutes in the following mixture; 


Water-soluble aniline blue 0.5 om, 
Oxalic acid 2.0 om. 
Orange G 2.5 gm. 
Water 100.0) ce, 


Heat to boiling, allow to cool, and filter. 

6. Rinse rapidly in water. Differentiate and dehydrate in sev- 
eral changes of 96 per cent alcohol. 

7. Complete dehydration in absolute alcohol. Clear in several 
changes of xylol and mount in balsam. For celloidin sections, use 


%6 per cent alcohol and clear by the blotting-paper xylol method. 


Collagen, reticulum, connective tissue, amvloid, mucus, and certain other 


hvaline substances are stained blue. Nuclei, cytoplasm fibroglia, myglia, 
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neuroglia, and fibrin assume a brilliant red color. Erythrocytes and myelin 
sheaths are vellow, while elastic fibers vary between a pale pink and yellow. 
The collagen and reticulum take the stain more sharply than do the fibrin 
and smooth and striate muscle fibers. Axis cylinders are stained red. To 
bring out the collagen fibrils as sharply as possible, the staining with acid 
fuchsin may be omitted. Then the nuclei and protoplasm stain yellow, and 
the blue reticulum and fibrillae are in sharp relief. 

For formalin-fixed tissue, mordanting may be done with the Weigert 
mordants, as suggested by Kernohan. 

Haythorn’s Modification of Mallory’s stain has been found to give good 
results. Paraffin sections of Zenker-fixed tissue, or formalin-fixed tissue which 
has been treated in the Weigert mordants, are used. 

1. Stain sections for a half hour in alum or Boehmer’s hema 
toxvlin. 
2. Rinse in water and mordant for two minutes in the following 


alum-orange G solution. 


Dissolve 2.0 om. of orange G in: 
Aleohol 10 ee, 
Normal hydrochloric acid I ee. 
Water, sufficient to make qs ee. 


When thoroughly dissolved, add: 


Saturated iron alum solution, aqueous 7) ©.e. 


») 


3. Place in tap water for five minutes. 

$. Stain for three minutes in 0.5 per cent aqueous acid fuchsin. 
5. Blot off the excess stain. 

6. Stain for twenty minutes in the following modified aniline 


blue-orange G solution: 


Aniline blue 2.5 gm. 
Orange G 2.09 om. 
Saturated aqueous phosphomolybdie 


acid solution, to make LOO.O) e.e. 


Dissolve with the aid of heat. 

7. Differentiate by the drop bottle method, usine 95 per cent alco- 
hol. Complete dehydration in absolute alcohol, clear in xvlol, and 
mount in balsam. 

The method gives results which are similar to those obtained by th 
original Mallory method. However, the nuclei are stained a deep blac 
brown, and the erythrocytes take a deep orange-vellow color more constant! 
than in the original formula. In addition, there is an increased transparenc 
to the sections which facilitates detailed examination of the tissue. 

Perdrau Silver Impregnation.—This method is one of the best for t! 


demonstration of connective tissue and is particularly suited to tumor mat 





























rial. 


USe¢ 


the paraffin sections with gelatin to prevent their coming off the slides during 
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Paraffin, celloidin, or frozen sections of formalin-fixed tissue may be 


|. The method, essentially as given by Bailey and Ililler, is as follows: 


1. Blocks of the formalin-fixed tissue should be washed twelve 
to twenty-four hours in distilled water previous to sectioning. Frozen 
sections should be cut at 15 to 25 microns. Paraffin sections should 
be brought to distilled water and allowed to remain there overnight, 
changing the wash water several times. Paraffin sections may be cut 
at 6, 8, or 10 microns. 

2. Treat in 6.25 per cent potassium permanganate for twenty 
to thirty minutes. The 0.25 per cent solution should be prepared 
fresh from a 2 per cent stock solution. 

3. Wash in distilled water. 

$f. Place in Pal’s decolorizer and allow to remain until white. 
Pal’s decolorizer is composed of equal parts of 1 per cent aqueous 
oxalic acid and 1 per cent aqueous potassium sulfite. 

5. Wash for three to four hours in distilled water. The sections 
may be allowed to wash overnight. 

6. Place in 2 per cent silver nitrate overnight. It is best to 
keep them in the dark. 

7. Wash for two to three minutes in distilled water. 

8. Treat for forty to sixty minutes in Bielschowsky’s ammonia- 
cal silver solution, 

To 5 ee. of 20% silver nitrate, add 2 drops of 40% sodium 


hydroxide. Dissolve the resultant precipitate by the addition of strong 


ammonia, drop by drop, avoiding an excess. Dilute to 50 ¢.e. with 
distilled water and filter. The solution should be prepared fresh before 
use, 


% Wash quickly in distilled water. 

10. Reduce in 20 per cent formalin prepared with tap water. Al- 
low sections to remain in this reagent for ten to twenty minutes. 

11. Wash in distilled water. 

12. Tone in a 1:5000 solution of gold chloride until the sections 
are an even violet color. Wash in distilled water. 

13. Fix for one minute in 5 per cent sodium thiosulfate. The tis- 
sue should assume an even gray color, and frozen sections should be- 
come quite pliable. 

14. Wash thoroughly in distilled water, dehydrate in ascending 


alcohols, and clear in several changes of xylol. Mount in balsam. 


With this technique the finer strands of connective tissue, reticulum, and 


elastic fibers are stained an intense black. The more compact masses of 
fibrous tissue may occasionally appear reddish black. Nuclei, axis cylinders, 


neurofibrils, and myelin sheaths are not stained. It may be necessary to cover 
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the prolonged silver bath. Tissue may be embedded in gelatin before cutting 
on the freezing microtome. 

The Bielschowsky silver solution should be prepared just before use, 
since it does not keep. As in other methods where silver salts are used as 
staining agents, the glassware must be chemically clean. All glassware must 
be rinsed in distilled water before use and, except where otherwise indicated, 
all solutions should be prepared with distilled water. 

Wilder Method for Reticulum.—This is a more rapid method which is ap- 
plicable to tissue fixed in formalin or Zenker’s fluid. Celloidin, paraffin, or 
frozen sections may be used. The method is best applied to tumor tissue. 

1. Paraffin sections should be cut at 6 to 10 microns. Celloidin 
sections may vary from 4 to 30 microns and may be stained in dishes 

or mounted on slides and attached with thin celloidin before stain- 

ing. Sections are hydrated and brought to distilled water. 

2. Treat with 10 per cent phosphomolybdie acid for one minute. 
3. Wash in tap water, then in distilled water. 
$. Dip in 1 per cent aqueous solution of uranium nitrate (sodium 
free) for five seconds or less. 
5. Wash in distilled water for ten to twenty seconds. 
6. Treat in Foot’s silver diamino-hydroxide for one minute, 
To 5 «ec. of 10.2% silver nitrate, add strong ammonium hydroxide, 


drop by drop, until the precipitate which forms is just dissolved. Add 
5 «ec. of 3.1% sodium hydroxide and just dissolve the resulting precipi 
tate with a few drops of ammonia. Make up to 50 e.c. with distilled 


water. In an amber, well-stoppered bottle this keeps for several weeks. 


7. Dip quickly in 95 per cent alcohol. 


8. Reduce in the following solution for one minute: 


10% neutral formalin 0.5 c.c. 
1% uranium nitrate 1.5 ¢.e. 
Distilled water 50.0 ee. 


The formalin should be neutralized with an excess of magnesium 


carbonate. 

9. Wash in distilled water. 

10. Tone for one minute in 1:500 gold chloride. 

11. Rinse in distilled water and fix in 5 per cent sodium thio- 
sulfate for one to two minutes. Wash well in tap water. 

12. Dehydrate in ascending alcohols, clear in xylol, and mount 
in balsam. If a counterstain is desired, hematoxylin and eosin or 
hematoxylin with van Gieson stain may be used. The hematoxylin 
must be blued in tap water, as ammonia will dissolve the silver. 
The sections may be treated with 0.25 per cent potassium permanganate 


instead of 10 per cent phosphomolybdie acid. If this is done, it is necessar\ 
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to rinse the sections and place them for one minute in a mixture of 1 part of 
Merck’s concentrated 34 per cent hydrobromie acid and 3 parts of distilled 
water. The sections are then washed and carried on from the uranium nitrate 
treatment as usual. 

Reticulum and collagenous fibers are stained black. There is some im- 
pregnation of the cell nuclei, and occasionally the cells are outlined. Often 
the parenchymatous tissue takes the stain lightly so that, although cellular 
definition is not clear, there is enough impregnation to interfere with a clean- 
cut picture of the supporting tissues. If the silver solution is too old, uneven 
staining of the reticulum results. The method is useful for studying tumors 
arising in the central nervous system and elsewhere. 

Klarfeld-Achicarro Tannin-Silver Method.—Al\though paraffin-embedded 
material cannot be used, this still remains one of the best methods for the demon- 
stration of connective tissue in the nervous system. It is of particular value in 
the study of general neuropathologic material. The tissue is fixed in either 
formalin or 96 per cent alcohol, embedded in celloidin, and sectioned at about 
15 microns. 

1. Place sections in 10 per cent formalin and allow to remain 
twelve to twenty-four hours. Sections may remain here several days. 
2. Wash in water. 

3. Place sections in a saturated (100 per cent) aqueous solution 
of tannin and allow to remain for two to three hours in the incubator 
at 50° C. in a closed dish. The time may be shortened to twenty to 
thirty minutes by very careful heating with a flame. 

4. Wash in distilled water until the sections lose their trans- 
pareney. 

5. Place sections in silver nitrate solution until they turn a 
brownish-yellow color. They should be kept moving during this time. 

Add concentrated ammonia, drop by drop, to 5 ¢.c. of 10% silver 
nitrate until the precipitate which is formed is redissolved. Add 5 to 
10 additional drops of ammonia and then distilled water to make 20 ¢.c. 
For staining, add 15 drops of this solution to 20 ¢.c. of distilled water. 


Prepare fresh before use. 

6. Transfer sections directly to 10 per cent formalin for five 
minutes. It is best to use two changes, transferring to the second as 
soon as the first solution becomes discolored. It is not necessary 
that the sections become very dark. 

7. Wash in tap water and then in distilled water. 

8. Differentiate in the following solution: 


0.5% aqueous potassium ferricyanide 10 ee. 
96% alcohol 5 ¢.¢. 


Differentiate until the cortex is light yellow and transparent. 
9. Wash in distilled water for a half hour. 


10. Dehydrate in alcohols, clear in xylol, and mount in balsam. 
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The connective tissue appears black upon a light yellow or yellow back- 
ground. Nerve cells, axis evlinders, myelin sheaths, and other elements of 
the nervous system are not stained. The background should appear clear and 
light. Occasionally with large sections the background appears darker in 
some parts than others. This is due to the difficulty in keeping large sections 
flat in the various solutions. Constant agitation during the silver impreg- 
nation and reduction will help prevent this uneven staining. Tissue which is 
very old or which was fixed long after death will show considerable granu- 
larity of the stained portions. 

Cnaprer IX 
PirvuIrTARY AND PINEAL STAINS 

Many methods have been devised with the object of selectively staining the 
various types of cells in the anterior lobe of the pituitary gland. Many of 
these are quite complicated and require special fixatives. The following 
methods have been found to give fairly reliable preparations in which the 
three types of cells in the anterior lobe can be readily distinguished. 

Sparks’ Method.—Although the best results are obtained on tissue fixed in 
Orth’s fluid, formalin-fixed material has been found to give good results. 
Paraffin sections, cut at 6 to 8 microns, are brought to water and stained as 
follows : 

1. Immerse in 0.25 per cent aqueous aniline blue for sixty to 
ninety seconds. The basophile cells should be stained a deep blue, and 

the remainder of the tissue a very light blue. 

2. Wash in tap water for about a half minute. Excessive wash- 
ing will remove the dye from the tissue. 

3. Immerse in Maver’s hematoxylin for ten minutes. 

4. Wash in tap water two to three minutes. 

5. Treat in van Gieson’s mixture for sixty to ninety seconds. 


Saturated aqueous solution of piecrie acid 100° e.e. 


1% aqueous acid fuchsin 10 e.e. 


6. Wash in tap water for one minute. Prolonged washing will 


remove the stain. 





7. Transfer to 96 per cent alcohol for one minute. 
8. Complete dehydration in absolute alcohol for two to three 


minutes. Clear in xylol and mount in balsam. 


The nuclear chromatin is stained a purplish blue or reddish blue. The 
basophilic granules are stained a deep blue and can be differentiated from 
the granules of the acidophilic cells which are olive green in color. The cyto 
plasm of the chromophobe cells is a light grayish blue. Erythrocytes are a 
bright vellow and are not easily confused with other elements. The dens: 


collagenous fibers are bright red, while the loose collagenous tissue may ap 






pear either red or blue. The capillaries take a sharp blue stain. The colloid 
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in the anterior lobe of the gland takes a color which varies from light yellow 
to lilac, while that in the posterior lobe is a light blue. Preparations retain 
their color for years without fading. 

Practice is necessary to obtain the optimum results. Excessive washing 
easily removes the dye from the tissue. Minor variations in the staining time 
will be found necessary, depending upon the staining properties of the solu- 
tions. Overstaining in van Gieson’s mixture will result in a greenish-blue 
discoloration of the basophile. The results are good on human material but 
are of less value on animal tissue where the differentiation obtained is less 
distinct. Poor results were obtained on guinea pig and rat pituitaries. Some 
difficulty may be experienced at first in interpreting the final product, par- 
ticularly by one who has been accustomed to examining preparations in which 
the basophilic cells are stained blue and the acidophilic cells red. 

Bailey’s Ethyl Violet-Orange G Stain —This method is the same as that 
employed for the staining of fibrillary neuroglia. Ilowever, the tissue must be 
fixed in Regaud’s solution and kept in the dark, the fixative being changed 
daily. The procedure is then carried out exactly as referred to above. With 
this method the acidophilic granules are stained a deep purple and the baso- 
philie granules remain unstained. The background is orange. The nuelear 
stain varies in intensity. 

This same method is also used for the demonstration of blepharoplasts 
in tumor tissue. These appear as purplish blue or purple intracytoplasmic 
granules or small rods on an orange background. Formalin-fixed material, 
if mordanted for some days in 3 per cent potassium bichromate, may give 
good results but is unreliable. 

Mallory’s Acid Fuehsin-Aniline Blue Method—Al\though this method is 
essentially a connective tissue stain, it has been found to be an excellent selective 
stain for the pituitary, particularly for routine laboratory work. Although it 
may be used without modification as described in the chapter on connective 
tissue stains, Crooke and Russell have found the following modification ad- 
vantageous for the study of the cells in the anterior lobe of the pituitary : 

1. Paraffin sections are brought to water and mordanted for 
twelve to eighteen hours in the following mixture: 
2.5% potassium bichromate 95 parts 


Glacial acetic acid 5 parts 

2. Wash in running water for two minutes. 

3. Transfer to Lugol’s iodine solution for three minutes or more. 

4. Decolorize in 95 per cent alcohol for one hour or more. 

5. Stain for fifteen minutes in a 1 per cent aqueous solution of 
acid fuchsin. 

6. Wash in running tap water for thirty seconds to five minutes. 

7. Rinse in distilled water. 

8. Counterstain in Mallory’s aniline blue mixture for twenty 


minutes. 
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9. Wash in running tap water for two to five minutes, 
10. Differentiate in 95 per cent aleohol, controlling decoloriza- 
tion under the microscope. This may require from twenty seconds 

to five minutes. 

11. Complete dehydration in absolute alcohol, clear in xylol, and 
mount in balsam. 

This method can be used on formalin-fixed tissue. Preliminary nuclear 
staining with hematoxylin before treatment in acid fuchsin is advisable. 
Ehrlich’s hematoxylin has been found to give good results, treating the see- 
tions for forty-five minutes followed by differentiation in acid alcohol and 
washing in tap water until blue. 

The basophilic granules are stained a deep blue in contrast to the 
acidophilic granules which take a brilliant red stain. The chromophobe cells 
are a light bluish gray. The nuclei are purplish brown and the nucleoli a 
bright reddish orange. The supporting tissues stain as described in the origi- 
nal Mallory method. 

Safranine-Acid Violet Stain.—Bailey has described the following method 
for the two types of granules in the anterior lobe of the pituitary. The tissue 
is fixed in Regaud’s fluid, embedded in paraffin, and sectioned at 4 microns 
or less. 

1. Treat in 0.25 per cent potassium permanganate solution for 
one minute. 

2. Wash in distilled water. 

3. Decolorize in 5 per cent oxalic acid for one minute or until 
colorless. 

4. Wash well in distilled water. 

5. Cover slides with Babes’ aniline-safranine mixture and heat 


to steaming. 


2% aniline water 100 e.e. 
Safranine, water soluble in excess 
Saturated by heating in a flask. Allow solution to remain hot 


by placing flask in hot water at 60° to 80° C. Filter. 


6. Wash in distilled water. 
7. Add to the slide the following solution and allow to remain 
for ten minutes. 
Saturated aqueous solution of acid violet 30 c.c. 
Distilled water 70 ee. 
8. Wash quickly in distilled water. 
9. Blot carefully and wash quickly in anhydrous acetone. Place 
in toluol for a few seconds. 
10. Flood slide with pure oil of cloves and differentiate in a mix- 
ture of 3 parts of oil of cloves and 1 part of 96 per cent alcohol. 


Control decolorization under the microscope. 
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11. Flood slide with oil of cloves. Pass through two changes of 
toluol and mount in balsam. 

The eosinophilic granules are stained a deep reddish violet and the baso- 
philic granules a deep blue. The mitochondria do not stain. 

Hortega’s Stain for Pineal Parenchyma—tThe cellular elements of the 
pineal body have been divided into the neuroglial and parenchymatous types. 
The following method was devised by Hortega for the demonstration of the 
latter group and is used for the study of normal as well as pathologic tissue. 

The material is fixed in 10 per cent formalin for at least two days, and 
frozen sections are cut as thin as possible. 

1. Place the sections in the following mixture and allow them to 
remain until they become dark yellow: 


2% silver nitrate 10 e.e. 


Pure pyridine 3 drops 
iD 


They may remain in this solution for twenty-four hours at room tem- 
perature or for a shorter time in the incubator. Heating the solution 
to 50° C. for five to ten minutes hastens the staining. 

2. Wash in distilled water containing 2 drops of pure pyridine. 
, 


3. Impregnate in the following mixture, heating until the see- 


tions become dark ochre. 


Solution of silver carbonate 10 e.e, 


Pure pyridine 3 drops 


The silver carbonate is prepared as described in Penfield’s com 
bined method for microglia and oligodendroglia, except that the solution 
is diluted to 50 e¢.c. rather than 75 ¢.e. It is best prepared fresh before 


use, 


4. Wash in distilled water. 

5. Reduce in 10 per cent formalin. 

6. Tone in 1:500 gold chloride, warming slightly to intensify 
the color. 

7. Fix in 5 per cent sodium hyposulfite solution. 


8. Wash in distilled water. Mount sections on a glass slide from 
50 per cent alcohol, blot firmly, complete dehydration in absolute alco- 


hol, and clear in xylol. Mount in balsam. 


The results are consistently good if the sections are cut thin. The neurog- 
lial cells and fibers are not stained. The parenchymatous cells are colored a 
dark brown to brownish black, depending upon the depth of toning. They 
are characteristic large cells with many long processes which end in bulblike 
swellings. The latter are embedded in the interlobular and perivascular con- 
nective tissue. These swellings are deeply stained, often more so than the cell 


bodies. In thick sections the nuclei are relatively indistinct, but in thin prep- 
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arations they take the stain less deeply and can be seen to occupy a large 
portion of the cell body. The corpora arenacea (psammoma bodies) are black 


or a very dark brown. 
CHAPTER X 
SPIROCHETE STAINS 


There often arises the necessity of demonstrating the presence of spiro- 
chetes, usually Treponema pallidum, in sections of nervous tissue. While there 
are many methods for staining these organisms, only a few are applicable to 
routine work in the general pathology laboratory. All require a precise tech- 
nique and painstaking care for good results, regardless of the method em- 
ployed. Absolute chemical cleanliness is imperative. All glassware must be 
rinsed previous to use, both in distilled and double distilled water. Glass 
hooks are used to handle and transfer the sections, and care is taken that 
wherever possible the instrument is rinsed in double distilled water before 
placing in a solution. Whenever filter paper is used, it should be of the finely 
woven type, free from paper lint. When dry glassware is required, air is used 
as a drying agent rather than cloths. Solutions and reagents should be meas- 
ured exactly. 

Spirochetes may be stained either in single sections or in tissue blocks. 
The latter method gives more precise results and is indicated where research 
work is being carried out. The methods of staining single sections, while 
more rapid than the block methods, are all prone to more or less artifact for- 
mation, but nevertheless give satisfactory results. 

Dicterle Method.—This method gives clear preparations and can be used 
on any formalin-fixed tissue and with frozen, celloidin, or paraffin sections. The 
best results are obtained on frozen sections cut at 10 to 15 microns. If paraffin 
or celloidin sections are used, the embedding material must be removed before 
staining. 

1. Transfer sections to pure pyridine for fifteen minutes. 

2. Wash in double distilled water. 

3. Place sections in a 1 per cent solution of sodium-free uranium 
nitrate made with 70 per cent alcohol. Allow to remain for a half 
hour in the ineubator at 55° C. 

4. Wash briefly in double distilled water. 

5. Transfer through 96 per cent alcohol. 

6. Place sections individually in a 10 per cent solution of gum 
mastie in absolute alcohol. Allow to remain long enough for thor- 
ough infiltration with the aleohol to take place, about thirty seconds. 

7. Transfer through 96 per cent alcohol to double distilled water. 

8. Leave sections for one to six hours in a 1 per cent aqueous 
solution of silver nitrate in the incubator at 55° C. Protect from the 
light. 


9. Wash briefly in double distilled water. 
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10. Reduce for ten to fifteen minutes in the following solution : 


Hydroquinone 1.50 gm. 
Sodium sulfite 0.25 gm. 
Neutral formaldehyde, Merck 40% 10.00 ce, 
Acetone 10.00 c.e. 
Pyridine 10.00 @.e. 
Distilled water, to make 100,00. ¢.e, 


Mix, dissolve, and then add 10 e.c. of a 10% absolute alcoholic 
solution of gum mastic, making the reducing solution ‘‘milky.’’ This 


should be prepared fresh just before use. 


11. Wash briefly in distilled water. 
12. Dissolve out the gum mastic and dehydrate the sections by 
transferring through 96 per cent alcohol and acetone. Clear in xylol 


and mount in Canada balsam. 


The spirochetes are stained a deep brown to black against a golden-brown 
background. The background should be clear and the nervous and inter- 
stitial elements of the tissue not stained. 

The gum mastic solution is prepared by dissolving 10 em. of gum mastic 
in 100 ¢.c. of absolute alcohol. This takes about three days. It is filtered 
through a triple filter before use. The celloidin is first removed with acetone 
when celloidin sections are used. They are then placed in the pure pyridine 
and carried through as outlined previously. About 8 to 10 sections are used so 
that trial reductions can be started after about one hour in the silver bath. 
The sections are washed thoroughly after each reagent, but after the silver 
bath a brief wash is sufficient to prevent overstaining. 

Nieto’s Method.—This method also uses formalin-fixed tissue. Frozen, 
paraffin, or celloidin sections may be used. The embedding agent must be re- 
moved from the embedded tissue before staining. Sections should be eut at 15 
to 20 microns. 

1. Place sections for ten minutes in pure pyridine. 

2. Wash in three changes of double distilled water. 

3. Place in a 1 per cent aqueous solution of uranium nitrate for 
fifteen minutes in the incubator at 37° C. 

4. Rinse in two changes of distilled water. 

5. Transfer to a 0.2 per cent aqueous solution of silver nitrate. 
Heat carefully over a flame until bubbles just begin to form in the 
solution. Allow to remain about two minutes. Do not boil. 

6. Transfer sections to a small dish containing 10 ¢.c. of 1 per 
cent aqueous silver nitrate solution. Four to five sections can be 
placed in here at the same time. Add 2 ¢.c. of a 5 per cent aqueous 
solution of tartaric acid, and finally, after mixing well, add 10 ¢.e¢. of 
a 1 per cent aqueous solution of pyrogallie acid. Cover the dish and 
allow sections to remain until they are yellowish brown. Agitate the 
sections in the reducing solution to obtain an even reduction. 
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7. Wash well in double distilled water. 
o. Dehvdrate in ascending alcohols. clear in xy lol or carboxylol, 
and mount in balsam. 

The spirochetes are stained a deep brown or brownish black upon a 
golden-yellow background in which none of the elements of the nervous tissue 
appear. Care should be taken that the sections are not overheated in the 
silver bath. Reduction begins immediately with the addition of the pyro- 
gvallic acid and should be carefully watched. The tartaric acid and the pyro- 
gallic acid solutions may be mixed in proper proportions and added together. 
The time required in the developer varies with the individual tissues and 
often with the same tissue from time to time. Five minutes is usually suffi- 
cient for tissue from paretic brains. Reduction takes place rapidly in tissue 
from congenital syphilis, while sections from syphilitic aortitis are reduced 
relatively slowly. Sections of brain tissue are removed when the gray matter 
has taken a yvellowish-brown color, The white matter usually appears darker 
than the gray. 

Occasionally there is a slight deposit of silver on the surface of the sec- 
tions. This often cannot be avoided, but does not detract from the usefulness 
of the method. The method is relatively rapid and can be completed in less 
than one hour. It can be applied to all types of tissues. 

Jahnel’s Gold-Silver Method. —This is Jahnel’s latest method for single 
sections and is taken from Wertham. The method gives particularly clear 
preparations. Frozen sections are cut at 20 microns from material which has 
been well fixed in formalin. 

1. Leave overnight in 96 per cent alcohol. 
2. Wash briefly in distilled water. 

3. Transfer to a 1 per cent aqueous solution of uranium nitrate 
and allow to remain for fifteen minutes in the incubator at 37° C. 

4. Wash in two changes of distilled water. 

5. Transfer sections to 1 per cent silver nitrate where they re- 
main for twelve to twenty hours in the ineubator. 

6. Wash well in two changes of distilled water. 


7. Transfer to the following mixture: 


Distilled water 10 ce. 
1% «aqueous gold chloride (Merck) t drops 
1% uranyl chloride (Schering) + drops 


Prepare fresh before use. 


Leave sections in this mixture in the incubator at 37° C. until the 
spirochetes are stained. This is usually one-half to one hour. Over- 
treatment in this is apt to cause the formation of precipitates. 
About fifteen to twenty minutes may be sufficient, but the time must 
be determined for the tissue being stained. 


8. Wash thoroughly in distilled water. 
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9. Treat for five minutes in 5 per cent aqueous sodium thio- 


sulfate. 
10. Wash thoroughly in distilled water. 
11. Dehydrate in ascending alcohols, clear in xylol, and mount 

in balsam. 

The background should be clear and the spirochetes stained distinetly. 
There is some impregnation of the elements of the tissue. It is important that 
the sections be protected from the light as much as possible up to the time they 
are fixed in the thiosulfate solution. Undue exposure to light before fixation 
causes a dark red or reddish-purple color. 


(To he continued, ) 
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BRONCHIOGENIC CARCINOMA, Incidence of Primary, Matz, P. B. .J. A. M. A. 111: 


POS6, 1938, 


The incidence of primary bronchiogenie carcinoma in the veterans’ population has 
been increasing during the past few vears. This increase is both absolute and relative. 

The absolute increase of this type of tumor is unrelated to the increase of carcinoma 
in general. The factors which may be responsible for the absolute increase of cancer of the 
lung are the large percentage of preceding diseases of the respiratory tract and the fact that 
a comparatively large number of the persons in this group were in occupations which were 
accompanied by exposure to irritations of the respiratory tract and traumatizations of various 
kinds. 

One of the factors causing a relative increased incidence of bronchiogenic carcinoma 
is the added interest in cancer on the part of the physicians of the Veterans Administration, 
resulting in an increase of the number of cancers of the lung diagnosed ante mortem. In 
many of the cases in which carcinoma was suspected but was not definitely diagnosed ante 
mortem, post-mortem examination was made; hence the increased incidence of this type of 
tumor in autopsy statistics. 

Another factor which may be held responsible for the relative increase in the incidence 
of cancer of the lung is the entrance of the veterans’ group into the cancer age period. 

A comparative study of the data on the incidence of cancers of the lung according to 
age in the civilian population and in the veterans’ group shows that the largest number of 
civilian patients are older than the veterans, One may, therefore, expect that as the veterans 
grow older an increasing number of primary bronchiogenic carcinomas will be seen among 


them. 


TRANSFUSIONS: A Method for Recognition of Blood Subgroups A, and A., Davidsohn, 
I. J. A. M. A. 1328: 713, 1939. 


Clinical experience, as it is expressed in the literature, suggests (1) that the selection 
of a donor according to known methods does not assure the absence of blood transfusion 
reactions; (2) that unexpected reactions are not uncommon when a donor of the same 
blood group as that of the patients is employed, especially when the group is O or A; and 
(3) that reactions are particularly frequent when so-called universal donors are employed. 

Available serologic data suggest (1) that subgroups A, and A,, A,B and A,B are not 
always compatible; (2) that subgroups A, and A,B are not infrequently mistaken for blood 
of other groups, particularly for O and B; and (3) that some transfusion reactions, even 
fatal ones, are well explained by these circumstances. 

The method presented offers two advantages: 1. The high titered, easily produced 
and highly specific rabbit immuue serum permits prompt recognition of blood group A and 
AB, ineluding the feebly agglutinating subgroups A, and A,B. 2. A proper dilution of 
the serum, as determined by titration, makes it possible to differentiate subgroup A, from 
A, and A,B from A,B without delay. Both procedures can be carried out within five 


minutes, 
UNDULANT FEVER: Histology of the Cutaneous Reaction to Brucella Melitensis Antigen, 
Gersh, I., and Black, W. C. Arch. Path. 27: 307, 1939. 


The tissue reaction to the intradermal injection of Br. melitensis var. abortus antigen in 


12 persons giving a positive reaction has been studied histologically. The reaction is in 
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flammatory. When it is mild, it is characterized by infiltration of the derma by lympho 
cytes and monocytes; when it is severe, it is accompanied by connective tissue necrosis 


and infiltration by polymorphonuclear leucocytes. 


TUBERCLE BACILLI, Demonstration of, by Culture and by Guinea Pig Inoculation, 
Guggenheim, A., and Finkelstein, M. Am. Rev. Tuberc. 39: 397, 1939. 


Guinea pig inoculation was superior to culture as a means of demonstrating tubercle 
bacilli in all sorts of material. 

With improvement in culture technique, the gap between these two methods of ex- 
amination has decreased. 

\ few specimens negative by means of guinea pig inoculation were positive by 
culture. 

An increase in the number of direct smears periormed before resort to culture or 
guinea pig inoculation resulted in an increase in the percentage of specimens remain 
ing negative after these more sensitive methods were used. This was true particularly 
of sputum, which was examined by direct smear much more frequently than other material. 
It would seem that a good many cultures and guinea pig inoculations might be made un- 
necessary if this practice were extended to urines, pus from draining sinuses, and other 
materials easily available for repeated examination. 

The best procedure for demonstrating tubercle bacilli in suspected material would 
seem to be: (a) repeated direct smears, as frequently as circumstences permit; (b) one 
or more cultures, if smears are persistently negative; (¢) guinea pig inoculation of all 
material negative by culture. 

No ease should be considered negative until all means of examination have repeatedly 
failed to demonstrate tubercle bacilli in the suspected material. The exact number of 


examinations necessary depends on the individual case. 


TRICHINOSIS, Blood Chemistry in Human, Pierce, H. B., Hartman, E., Simcox, W. J., 
Aitken, T., Meservey, A. B., and Farnham, W. B. Am. J. Hyg. 29: 75, 1939. 


Under the conditions of this study, namely, during the second and third months after 
trichinosis infection in human beings, the following conclusions may be drawn: 

Blood calcium, chloride, sugar, and nonprotein nitrogen were near the low normal 
levels early in the study. 

The above constituents increased in amount during the period of convalescence. 

Inorganie phosphate was slightly elevated throughout the study. 

The caleium-phosphorus ratios were depressed slightly in early periods due to a low 
calcium and moderately elevated inorganie phosphorus. 

Values for cholesterol fell within the accepted range for normal human beings. 

The addition of ecod-liver oil and calcium gluconate to the diet of human trichinosis 


patients had no marked effect upon any of the constituents determined. 


LEPROSY, Complement Fixation in, and Other Diseases by the Witebsky, Klingenstein 
and Kuhn Antigen, Lowe, J., and Greval, S. D. S. Indian J. M. Research 26: 833, 1939; 
26: 843, 1939. 


The antigen is essentially a solution of human tubercle bacilli in benzol after ex- 
traction with alcohol, pyridine, and acetone. 

A technique of complement fixation for leprosy has been devised, using the hemolytic 
system of the method No. IV of the report of the (British) Medical Research Committee 
(now Council) on the Wassermann test, and W. K. K. antigen. 

The sensitiveness of the reaction in lepromatous type of the disease is of a very high 
order. Like a strongly positive Wassermann reaction of secondary syphilis, a positive 


reaction is not likely to be missed. The sensitiveness in neural leprosy is low. 
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The specificity of the reaction is not of a very high order. Kala azar gives a positive 
reaction. Doubtful reactions have sometimes been obtained in malaria, syphilis, dermal 
leishmaniasis, and tuberculosis. A Wassermann positive case has also given a + reaction, 

The utility of the reaction is considerable in the diagnosis of the lepromatous type 
of the disease, but little in the diagnosis of the neural type. It may help in evaluating 
arrest of the disease in previously positive cases. 

The procedure involved in putting up the test is brief, and the reagents used are 
standardized. A quantitative reading can be easily obtained. 

The results of the test in 250 cases of leprosy, 46 cases of syphilis, 20 cases of 
leishmaniasis, 3 eases of tuberculosis of the lungs, and 43 cases of other diseases, are given. 

Of 117 cases of leprosy of the lepromatous type, 98.3 per cent showed inhibition of 
hemolysis, 83.77 per cent showing complete inhibition. 

Of 133 cases of neural leprosy, only 41 (381 per cent) showed some inhibition of 
hemolysis, only 12 of these showing complete inhibition. These 133 neural cases included 
11 bacteriologically positive cases of whom all showed some fixation of complement, 
complete in 7 cases. 

The results of the test in cases of leprosy are found to correspond very closely to the 
results of examination of the skin for M. leprae. Of eases in which bacilli were found, 
nearly all showed some inhibition of hemolysis in the test. 

The test is considered to be of little value in diagnosis or prognosis, for inhibition 
of hemolysis is found only in cases in which diagnosis is easy, and the test fails to dif 
ferentiate between the neural cases showing bacilli in smears which often have a good 
prognosis and the lepromatous cases which have a bad prognosis. 

Of 46 cases of syphilis with a positive Wassermann test, 20 per cent showed in 
hibition of hemolysis, usually incomplete. Of 3 cases of tuberculosis of the lungs all 
showed partial inhibition of hemolysis. Of 20 cases of leishmaniasis, 18 showed complete 
inhibition of hemolysis. All 43 cases of other diseases gave negative results. 

The test is, therefore, not specifie for leprosy, since in other diseases, chiefly leish 
maniasis, positive results can be obtained, and since in leprosy of the mild neural type 


negative results are usually obtained. 


GOLD SOL, Making, for Cerebrospinal Fluid Tests, Levine, B. S. Ven. Dis. Inform. 20: 
$1, 1939. 


The following formula is recommended for the preparation of 500 ¢.c. of gold sol: 


Distilled water 160 e.e. 
Gold chloride (1 per cent solution D ¢€.c. 
Sodium citrate (1 per cent solution ) 25 €.@. 
Hydrogen peroxide (fresh 3 per cent solution 3 M. 


diluted in 10 ¢.c. of distilled water 


Heat the distilled water to brisk boiling. Remove from the hot plate. Add 5 e.e. 
of the 1 per cent gold chloride solution. Shake for a few seconds. Add 25 ¢.c. of the 1 
per cent sodium citrate solution. Shake for ten or fifteen seconds. While shaking, add the 
10 e«.c. of distilled water which contains the 5 minims of hydrogen peroxide. Continue 
shaking for a few seconds. Let it rest on the table until the reaction is completed. This 
usually takes from one-half to one minute. 

Multiples or proportional fractions of the above volumes can be used aecordingly 
as more or less of the sol is needed. It was found that with this method there was no 
need to keep a large amount of the sol in stock. As little as 100 ¢.c. can be made with 
the same ease and with as high a degree of reliability as larger volumes. Experience has 


shown, however, that the reaction proceeds in a more regular manner in the larger volumes. 
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SILICOSIS, Basophilic Erythrocytes in, Neal, T. A. Am. Rev. Tubere. 38: 629, 1939. 


From several series of examinations of the blood of workers in nonlead dusty trades, 





and of hospital patients suffering from tuberculosis or silicosis with tuberculosis, no 
evidence was found to indicate that common industrial dusts, other than lead or its com 
pounds, provoke an increase in the usual number of red cells containing basophilic 


granules. 


PREGNANCY, Relation Between Blood Plasma Proteins and Toxemias of, Dodge, E. F., 
and Frost, T. T. J. A. M. A. 111: 1898, 1938. 


In pregnant women the blood plasma albumin is decreased below the level found in 
nonpregnant women, Toxemias of pregnancy uncomplicated by organic disease are associ 
ated with a significant decrease of plasma albumin and a questionable increase of the 
globulin. The increase of the globulin needs further investigation. 

Pregnaney without signs of toxemia and a diet deficient in protein cause a decrease 
in plasma albumin. 

An increased intake of protein in cases of mild toxemia causes an alleviation of 


objective and subjective symptoms and signs and is well tolerated by the patient. 


STREPTOCOCCUS, Hemolytic, Cultural Characteristics of Potentially Virulent Strains, 
Ward, H. K., and Rudd, G. V. Australian J. Exper. Biol. & M. Se. 16: 180, 1938. 


If hemolytic streptococci from human sources are grown in two media (a) serum 
broth and (b) serum peptone with just sufficient agar to suspend the developing colonies, 
the potentially pathogenic group A (Laneefield) strains, with very few exceptions, can be 
differentiated by their growth characteristics from hemolytic streptococci belonging to 
the other serologie groups. 


the serum broth, and the colonies in 


Capsulated group A strains grow diffusely in 
the serum peptone agar have a feathery semitransparent appearance. 

Noncapsulated group A strains grow flocculently in serum broth, with a marked 
opalescence in the supernatant fluid. The colonies in the serum peptone agar are com 
pact and opaque. 

Hemolytic streptococci from human sources, not belonging to group A, grow floc 
culently in serum broth without opalescence in the supernatant fluid, and the colonies in 
serum peptone agar are compact and opaque, 

Occasionally a group A strain grows in an atypical manner in the two special media 
und may be mistaken for a hemolytic streptococcus not belonging to group A. Such atypical 
strains are unstable and throw off characteristic capsulated variants on cultivation. 

The opalescence in serum broth produced by all the noneapsulated and a few of 
the eapsulated group A strains appears to be due to a ferment which denatures the serum 
protein. 

It is suggested that the feathery colony in serum peptone agar which is characteristic 
of the capsulated group A strains is due to the strong negative charge on the surface of 
the developing organism, resulting in the mutual repulsion of the chains of young cocci 
as they grow out into the medium. That this phenomenon is not necessarily associated 
with capsulation is indicated by the fact that nonmotile virulent typhoid bacilli also de- 


\ elop feat hery colonies. 


TRICHOPHYTIN TEST, Value of, Lewis, G. M., MacKee, G. M., and Hopper, M. E. 
Arch. D. & S. 38: 713, 1938. 


From a consideration of the varied responses to trichophytin, to oidiomycin, and 
to a bacterial vaccine, together with observation of a high percentage of positive reactions 
i patients with certain fungous eruptions and of a high percentage of negative re- 
actions in patients without evidence of fungi on culture, the authors believe that the 


reaction to the trichophytin test is specific. 
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The specificity is considered to be chiefly determined by genus rather than by 
species. 

Fungi of different species vary greatly in their ability to sensitize. In some in 
stances patients with severe mycosis may show a negative reaction to trichophytin. 

The reaction to trichophytin is always positive when the subject has a dermatophytid. 

There is no difference in the response to trichophytin in patients with dermatophytid 
and in patients without ‘‘id’’ but with an inflammatory eruption due to the same or- 
ganism. 

The repeated intracutaneous injection of trichophytin into a test site will not 
cause a false positive reaction. 

Some patients are sensitive to very dilute solutions of trichophytin, and others fail 
to react to solutions of concentrated trichophytin. Most patients show a gradual increase 
in the response according to the strength of solution. 

The patch test with trichophytin is not as delicate or as reliable as the intracutaneous 
test. 

Little difference was noted in the size of the response when different parts of the 
body were tested. There was usually a slight increase in the size of the reaction when a 
site near a fungous focus was used. 

The immediate wheal reaction occasionally occurs and may be associated with circu- 
lating antibodies, demonstrated by passive transfer tests. 

The test should be an integral part of the examination of a patient for suspected 
fungous disease. A positive reaction is not in itself diagnostic; when it agrees with other 
findings, confirmation is obtained; the prognosis is hopeful, and treatment should be con 
servative. If the test gives a negative result in the presence of proved fungous eruption, 
the immediate prognosis is poor, and treatment should be vigorous and sustained. If the 
test shows a negative reaction when the fungous examination gives a negative result and 
the primary eruption is inflammatory, one is justified in calling the rash nonmycotic. The 
authors think this is especially important when the eruption is eezematous, and particu 
larly when it involves the hands, because the diagnosis of such eruptions is frequently a 


matter of dispute in compensation work. 


BLOOD REGENERATION, Observations on, Schidt, E. Am. J. M. Se. 196: 632, 1938. 


After a hemorrhage, even if production of red blood cells is not increased, one may 


expect a rise in percentage of reticulocytes as the same (normal) number of reticulocytes 


will give a higher percentage when the erythrocyte level is lowered. 

In the literature, the assumption of a high reticulocyte percentage (up to 25 per cent 
after hemorrhage has been a dominating concept. 

In 17 patients given iron and in 10 patients not so treated, but all given the same 
standard diet, the reticulocytosis very rarely exceeded 10 per cent. 

As a contrast to these findings, 6 patients with a low color index on admission gave 
values up to 28 per cent. These patients are supposed to have had an iron deficiency 
anemia before the hemorrhage. 

The reticulocytosis in patients given iron did not greatly exceed that in patients not 
so treated. 

A correlation was found between the height of reticulocytosis and the lowest erythro 
cytie level. 

In individual cases, the size of the reticulocytosis did not give any indication as to 


regeneration rate. 
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